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Chapter 1 
General Introduction 
8 General Introduction 
The history of research into the neural regulation of copulatory behavior in male rodents 
has been concerned primarily with the observation of changes in the behavior following 
manipulations of brain areas or of neuropeptidergic systems Brain areas were manipulated by 
lesioning or by electrical stimulation The importance of neuropeptidergic systems for the 
display of sexual behavior were indicated by the effects of centrally applied neuropeptides, or 
the agonists or antagonists to its receptors In addition, the involvement of brain areas in the 
hormonal control of sexual behavior was indicated by the restoring behavioral effects of 
intracerebral steroid implants in castrated males In the studies that form this thesis, a different 
approach was used With the use of the protein Fos as a marker for neural activity, it was 
possible to study the involvement of brain areas, while leaving their functioning intact By 
careful manipulation of the behavior and by combining the visualization of the marker Fos 
with different immunocytochemical or neuroanatomical techniques, more knowledge was 
gained about the neural pathways underlying male sexual behavior 
Sexual behavior in the rat 
Male sexual behavior is a complex of behaviors and it is necessary to distinguish several 
phases The appetitive phase, or precopulatory behavior, involves approaching, sniffing and 
licking the female, especially her anogenital regions This phase may involve only as little as a 
few seconds, when the male has mating experience, but in sexually inexperienced males, this 
behavior may take a fair amount of time The estrous female may respond to the male's 
behavior by running away with characteristic hopping movements and ear wiggling, that tends 
to promote further investigation by the male While the male pursues the female, her 
hindquarters are directed towards the male, to assure that the male is properly oriented with 
respect to the female 
The appetitive or precopulatory phase is followed by the consummatory phase, in which 
mounts, intromissions and ejaculations occur (see figure 1) In between mounts or 
intromissions, however, anogenital investigation of the female is still displayed by the male 
When the male mounts the female, one or both hindfeet remain on the ground, while the flanks 
of the female are grasped with the forelimbs, usually before the initiation of pelvic thrusting 
The female responds with the receptive, arched-back posture, called "lordosis", which enables 
the male to achieve intromissions Immediately after an intromission, the male rat grooms his 
genitals, although genital grooming may also occur following mounts without penile insertion 
After a series of intromissions and mounts, ejaculation follows The ejaculation of seminal 
fluid and sperm is accompanied by spasmodic actions of skeletal muscles, such as those of 
hips, forelimbs, but also of the perineal area, resulting in an easy recognizable behavioral 
pattern The ejaculation is followed by genital autogrooming and a period of sexual, but also 
general inactivity, which is referred to as postejaculatory behavior and may last for several 
minutes In the laboratory rat this pattern is repeated for 5-10 copulatory series, as the 
numbers of intromissions and latency to ejaculate at first decrease, and subsequently increase 
with increasing number of ejaculations until sexual satiation follows 
Neural substrate of male sexual behavior 
The complexity of male copulatory behavior indicates that many sensory stimuli are 
involved in its organization These sensory stimuli include chemosensory cues, primarily 
received during anogenital investigation of the female, and genital-somatosensory cues from 
the penis and pelvic organs during intromissions and ejaculations In addition, hormonal 
changes occur during the copulatory behavior The brain areas that are involved in the 
organization of male sexual behavior, are generally thought to be involved in the processing of 
these sensory and hormonal cues and include several parts of the limbic system, the medial 
preoptic area and the caudal diencephalon In the following section, the effects on sexual 
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Figure 1. Drawings showing the copulatory behavior in male and female rats, demonstrates mounting 
behavior, the intromission and the female lordosis.as well as the characteristic ejaculation pattern and genital 
grooming. Reprinted with permission from P.J.A. Timmermans (1978), Social behaviour in the rat, thesis, 
University of Nijmegen, the Netherlands. Drawings made by Dr. J.P.M. Receveur. 
behavior of lesions or electrical stimulation of these brain regions, and the effects of steroid 
implants will be discussed, in light of their importance for processing sensory or hormonal 
stimuli. 
Chemosensory cues 
The most important parts of the limbic system for the control of male sexual behavior 
are those involved in processing chemosensory signals. The neural circuit that processes 
chemosensory signals, is the vomeronasal system (VNS), which is primarily involved in the 
regulation of neuroendocrine functions and reproductive behaviors elicited by pheromones 
(Halpern 1987). The VNS, also known as the accessory olfactory system, comprises the 
accessory olfactory bulb, the bed nucleus of the accessory olfactory tract, several subnuclei of 
the amygdala and specific subnuclei of the bed nucleus of the stria terminalis (Segovia and 
Guillamon 1993). Notwithstanding the close anatomical relationships between the accessory 
olfactory and the main olfactory system (Scalia and Winans 1975), the VNS is a functionally 
different neural system, with different central projections and responding to different odorants. 
Manipulations of the components of the VNS are followed by changes in sexual and 
chemosensory behavior (reviewed in Sachs and Meisel 1988). Lesions of the peripheral 
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chemosensory structure of the VNS, which is the vomeronasal (Jacobson's) organ, located at 
the base of the nasal septum, were shown to affect sexual behavior, leading to longer 
ejaculation latencies in sexually experienced male rats (Saito and Moltz 1986) Removal of the 
accessory olfactory bulb, a small hemispherical structure in the posterodorsal part of the main 
accessory bulb and the exclusive projection area of the vomeronasal organ, was reported to 
reduce the percentage of male rats that copulate to ejaculation (Heimer and Larsson 1967) In 
addition, lesions of the medial amygdaloid region (MEA) resulted in increased ejaculation 
latencies with increased numbers of preceding intromissions (Giantonio et al 1970, Harris and 
Sachs 1975), as well as reduction of the male's chemosensory investigation of the female 
(McGregor and Herbert 1992, Lehman and Winans 1982) Similar deficits were demonstrated 
following lesions in the bed nucleus of the stria terminalis (BNST) (Emery and Sachs 1967, 
Valcourt and Sachs 1979, Powers et al 1987, Claro et al 1995) 
A major target area of the VNS is the medial preoptic area (MPOA), receiving 
chemosensory inputs from the MEA and BNST The MPOA is the most extensively studied 
brain region and is implicated to be the most important site for male sexual behavior Lesions 
of the MPOA had a dramatic effect on male copulatory behavior, resulting in a complete 
abolishment of the consummatory elements of copulation (Heimer and Larsson 1966, 
Christensen et al 1977, Hansen et al 1982, De Jonge et al 1989) The anogenital investigation 
and pursue of the female (Hansen et al 1982, Edwards and Einhorn 86), however, as well as 
the motivation to copulate (Everitt and Stacy 1987) remained intact This indicates that the 
MPOA appears to play an essential role especially in the consummatory aspects of copulatory 
behavior The importance of the MPOA for male copulatory behavior is also shown by the 
facilitating effect of electrical stimulation of the MPOA on the expression of sexual behavior in 
male rats (Malsbury 1971, Merari and Ginton 1975) 
It appears that the involvement of the components of the VNS in reproductive behavior 
is related to the relay of afferent chemosensory information to the MPOA Considering the 
interconnections between the MEA and BNST, however, and the fact that the connections of 
these brain areas with the MPOA are reciprocal, the functional roles of the MEA and BNST 
are probably more complex 
Genital sensory cues 
Besides chemosensory cues, male copulatory behavior is also dependent on 
somatosensory and genital sensory cues The caudal diencephalon, has been implicated to be 
involved in the processing of these sensory inputs Afferent somatosensory and viscero-
sensory inputs, originating from the penis and pelvic organs, travels through and upwards 
from the spinal cord and terminates in or passes through the caudal diencephalon (differ et al 
1991, Ledoux et al 1987) In addition, the caudal diencephalon projects strongly to the MPOA 
(Simerly and Swanson 1986) This suggests that the function of the caudal diencephalon 
consists of the relay of genital sensory inputs Accordingly, lesion and physiological studies 
demonstrated the importance of the caudal diencephalon or lateral midbrain tegmentum for 
male sexual behavior Axon-sparing lesions in the lateral midbrain tegmentum seriously 
affected the display of intromissions and ejaculations, but the display of chemosensory 
investigation remained intact (Maillard and Edwards 1991, Hansen and Gummesson 1982) 
Electrical stimulation of this brain area facilitated male sexual behavior by reducing the 
number of mounts and intromissions needed for ejaculation (Shimura and Shimokochi 1991) 
Hormonal cues 
In addition to the role of chemosensory and genital sensory cues, the importance of 
gonadal steroids for the expression of male sexual behavior has long been recognized When 
endogenous steroids are eliminated by gonadectomy, the expression of sexual behavior 
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declines By replacement of exogenous steroids, copulatory behavior in castrated males can be 
maintained, even after a long period of castration (reviewed in Sachs and Meisel 1988). 
Presumably some minimal level of steroid concentration is sufficient for copulation and mating 
occurs normally when endogenous steroids are placed at constant levels by subcutaneous 
implantation of steroid filled capsules 
Although changes in circulating testosterone levels are not necessary for copulation, the 
concentrations of the endogenous steroids are not static. Under normal steroid conditions, the 
production of steroids in the testis is stimulated by the pulsatile release of luteinizing hormone 
(LH) from the anterior pituitary (Ellis and Desjardins 1982). The principal steroid product of 
the testis is testosterone, but its metabolites estradiol and dihydrotestosterone are also present 
in the circulation. The LH-pulses appear to be driven by pulses of luteinizing hormone-
releasing hormone (LHRH), released from LHRH neuron terminals in the median eminence 
(Jackson et al 1991). The gonadal steroids subsequently suppress the further release of LH by 
a negative feed-back system (Bartke 1985). 
In addition, gonadal steroids are released following mating (Kamel et al 1977), 
following exposure to female urine or vaginal secretion (Wysocki et al 1983), or following 
exposure to conditioned stimuli, coupled to sex-related stimuli (Graham and Desjardins 1980) 
Removal of the vomeronasal organ in mice (Wysocki et al 1983) or destruction of the 
olfactory mucosa in rat (Larsson et al 1982), however, prevent testosterone increases after 
exposure of the males to female stimuli. This suggests the existence of interactions between 
chemosensory and hormonal signals to control copulatory behavior and the existence of a 
central neural network mediating these stimuli In agreement, the MEA, BNST and MPOA, all 
of which are thought to be involved in processing chemosensory signals, contain high numbers 
of steroid receptor-containing neurons (Simerly et al 1990, Wood and Newman 1993b), 
suggesting that chemosensory and hormonal cues may integrate in these brain areas In 
addition, the caudal diencephalon has been recently shown to contain androgen receptor-
containing neurons (Greco et al 1994), although there are yet no indications for an integration 
of genital sensory and hormonal cues 
Studies using intracerebral implants of testosterone have indicated the MPOA to be the 
most effective implant site, for restoring sexual behavior in castrated male rats, although 
behavioral levels are seldomly restored to those seen in systemically treated castrates 
(reviewed in Sachs and Meisel 1988). In addition, implants of estradiol in the MPOA were 
able to stimulate sexual behavior (Christensen and Clemens 1974) Estradiol is a metabolite of 
testosterone and it has been proposed that the conversion, "aromatization", of testosterone 
into estradiol is required for restorative effects on behavior In support of this hypothesis, 
estrogen-receptor blockers or steroids that inhibit aromatization, inhibit the restorative effects 
of testosterone on sexual behavior Infusion of aromatization inhibitor ATD in the MPOA 
blocked the effect of infusions of testosterone, but did not affect the activation of sexual 
behavior by infusions of estradiol (Christensen and Clemens 1975). Although many studies 
proved that the actions of testosterone on behavior require conversion to other steroids, the 
"aromatization hypothesis" appears to be an oversimplification. Testosterone 's metabolite 
dihydrotestosterone, which can not aromatize into estradiol, can be a potent stimulator of 
copulation in castrates treated with behavioral ineffective doses of estradiol, although it is 
ineffective to maintain copulation in castrates, when administered alone (reviewed in Sachs 
and Meisel 1988). The results of studies comparing intracerebral implants of estradiol or 
dihydrotestosterone suggest that they may be active in different brain sites. Testosterone and 
estradiol are effective in the MPOA (Davidson 1966, Christensen and Clemens 1974) and 
estradiol in the BNST (Lisk and Greenwald 1983), while dihydrotestosterone was ineffective 
in these brain regions (Lisk and Greenwald 1983). Testosterone and estradiol are effective in 
the MEA (Wood and Newman 1995a, Rasia-Filho et al 1991), although also 
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dihydrotestosterone was shown to be effective in the MEA, when combined with systemic 
treatment of estradiol (Baum et al 1982) In general, these data suggest that 
dihydrotestosterone may be behaviorally ineffective in the MPOA and that intracerebral 
hormone implants are more effective in restoring copulation when combined with peripheral 
hormone stimulation 
Neurotransmitters and-modulators 
A large number of neurotransmitters, neuropeptides and other agents have been 
reported to affect male sexual behavior. In this section, a restricted number of the most 
extensively studied neurotransmitters and -peptides will be briefly mentioned, to emphasize the 
complexity of the neural mechanisms underlying male copulatory behavior Some of these will 
also be discussed in the following chapters (serotonin, oxytocin) For more extensive reviews 
on this topic, I refer to Pfaus and Everitt (1995), Sachs and Meisel (1988) and Carter (1992). 
Dopamine 
Dopaminergic agonists, such as lisuride, apomorphine or quinelorane, tend to accelerate 
and enhance sexual activity in both men and rodents. Systemic administration of dopaminergic 
antagonists generally disrupt copulation in male rats Several brain sites of action of 
dopaminergic receptor agonists on copulation have been examined Infusion of apomorphine 
into the MPOA activated copulation (Hull et al 1986, Pehek et al 1988) In contrast, 
apomorphine applied in the ventral tegmental area reduced the ability of males to copulate 
(Hull et al 1986). Application of apomorphine in the nucleus accumbens, where extracellular 
levels of dopamine are elevated during copulation (Damsma et al 1992), had no effects (Hull 
et al 1990). It has become apparent that the effects of dopamine are complex and may vary, 
depending on the brain region and type of dopamine receptor that is affected. With careful 
attention to differential effects on D
r
 and D2-receptors, as well as dosage, discrete effects on 
either appetitive or consummatory components of copulatory behavior can be indicated 
(Everitt 1990, Pfaus and Everitt 1995) 
Norepinephrine 
Another monoaminergic neurotransmitter that was implicated in sexual behavior is 
norepinephrine. Antagonists at the ©^-noradrenergic receptor, like Yohimbine and idazoxan, 
were reported to stimulate copulation, resulting in decreased latencies to initiate copulation or 
to ejaculation and an increased proportion of sexual naive males that mounted, intromitted and 
ejaculated (Clark et al 1984, Clark et al 1985b, Smith et al 1987) Administration of an agonist 
at the аг receptor or antagonists of the ai-noradrenergic receptors had opposite effects (Clark 
et al 1985a, Clark et al 1987). Since most studies used systemic administration, or in some 
cases introcerebroventricular administration, there's no knowledge of the brain sites of action 
of noradrenergic antagonists or agonists 
Serotonin 
Serotonin (5-hydroxytriptamine or 5-HT) is a neurotransmitter of which the inhibitory 
role in the neural control of male sexual behavior is well established Manipulation of specific 
serotonin receptor subtypes, however, result in differential effects on copulation. Agonists of 
the 5-HTjB/jc-receptor or 5-HT2-receptor have inhibitory actions on male copulatory 
behavior (Femandez-Guasti et al 1992, Femandez-Guasti and Escalante 1991). 5-НТ]д 
agonists, however, have a facilitating effect (Ahlenius et al 1981) The selective 5-НТ]д 
receptor agonist 8-hydroxy-2-(di-n-propylamino) teraline (8-OH-DPAT) was demonstrated to 
have a dramatic effect on copulation, resulting in a short ejaculation latency and reduced 
numbers of preceding mounts and intromissions These facilitatory effects were present 
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following systemic, central or intrathecal administration of 8-OH-DPAT, indicating that the 
facilitation of copulatory behavior occurs after stimulation of serotonin receptors located in 
the brain or spinal cord (Hillegaart 1991, Lee et al 1990). Brain sites of action have been 
indicated to be the MPOA and the nucleus accumbens (Femandez-Guasti et al 1992). 
Opioid peptides 
ß-Endorphin, an endogenous opioid peptide, dose-dependently inhibited sexual 
behavior, after infusions in the MPOA (Hughes et al 1987, Hughes et al 1988, Herbert 1993) 
ß-Endorphin infused in the MPOA appeared not to affect sexual interest in the female or 
arousal, since the female was actively investigated and pursued, but instead the transition 
between investigative and consummatory responses In contrast, infusions of ß-endorphin into 
the medial amygdala affected the precopulatory phase of male rat sexual behavior, by 
decreasing precopulatory investigation of the female and delaying intromission latency, but 
leaving the execution of copulation intact (McGregor and Herbert 1992a, McGregor and 
Herbert 1992b) 
Oxytocin 
Oxytocin is a nonapeptide produced primarily in the supraoptic and paraventricular 
nuclei of the hypothalamus and secreted by the posterior pituitary, but it is also released 
directly into the brain (Swanson and Sawchenko 1980) A number of studies have indicated 
that oxytocin can enhance male sexual behavior Systemic and central injections of small 
amounts of oxytocin reduced the number of intromissions required for ejaculation and 
decreased the ejaculation latency (Argiolas et al 1985, Arletti et al 1992) In contrast, higher 
doses of oxytocin infused into the third ventricle increased the mount and intromission 
latencies and the postejaculatory interval (Stoneham et al 1985) Oxytocin also appears to play 
a role in the regulation of penile erections, since these could be induced by injections of 
oxytocin into the lateral ventricles (Argiolas 1992, Argiolas et al 1985) Infusions of very low 
doses of an oxytocin antagonist dose-dependently inhibited penile erections and copulatory 
behavior in male rats (Argiolas et al 1988a) A possible brain site of action of oxytocin is the 
paraventricular hypothalamic nucleus (Melis et al 1986), while infusions in several other brain 
areas including the nucleus accumbens and the MPOA were ineffective (Argiolas et al 1988b) 
Furthermore, oxytocin is released during ejaculation (Stoneham et al 1985) 
LHRH 
Luteinizing hormone releasing hormone (LHRH) or its potent agonists are known to 
facilitate male sexual behavior when injected systemically or intracerebroventricularly (Dorsa 
and Smith 1980, Moss and Dudley 1989) Paradoxically, long term administration of LHRH 
or its agonists was shown to decrease reproductive functions (Hsueh and Jones 1981, Dorsa 
et al 1981). 
Motivation for the use of a new technique 
Studies using lesions, electrical stimulation, neural implantation of steroids or central 
application of neuropeptides have made a major contribution to our understanding of the 
neural substrate underlying male sexual behavior In this section, some of the problems and 
technical difficulties associated with these techniques will be briefly summarized Which will 
lead to our motivation of using a different technique in studying the neural substrate of male 
sexual behavior 
A major problem with lesioning techniques is that invariably a larger area is removed or 
ablated than the brain area at which they were directed Electrolytic lesions destroy not only 
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the neurons in the target area, but also the fibers that are passing through Although this is not 
the case with excitotoxin lesions, merely implanting canulae to deliver excitotoxins may result 
in scar tissue in additional brain areas (Hart and Leedy 1985) Electrical stimulation has the 
disadvantage that the electrical current used to stimulate a specific brain area, indiscriminately 
acts on neurons that project to other brain regions (Hart and Leedy 1985) The difficulties 
associated with implantation of steroids or infusions of neuropeptides are of the extent of 
diffusion to other brain areas or into the systemic circulation In summary, following the 
described techniques, a precise localization of the brain areas that are involved in the 
organization of male sexual behavior is not possible 
In the present studies, visualization of the protein Fos was used as a marker for neural 
activity, in order to gain more insight in the neural regulation of male copulatory behavior A 
major advantage of this marker is that individual activated neurons can be distinguished, 
making a very precise localization of the involved brain regions possible In addition, using 
this technique in combination with other immunocytochemical or neuroanatomical techniques, 
the activated neurons can be characterized regarding their neuropeptidergic content or their 
anatomical connections A third advantage of the use of a neural marker is that the behavioral 
pattern remains intact All the techniques that were discussed thusfar involve effects on the 
behavioral outcome, either facilitation or abolishment The use of neural marker Fos, however, 
enables us to study the involvement of brain regions in unaffected male sexual behavior 
Manipulation of the behavior, by for instance interrupting the behavior after specific elements, 
creates the possibility to study activated neurons that are specifically involved in these 
elements of behavior This technique, however, has besides major advantages also some draw-
backs that must be considered before interpretation of the results In the next section the 
advantages of and the problems associated with the "Fos-technique" will be discussed more 
extensively, following a brief explanation of the cellular mechanisms involved in the activation 
of the protein Fos. 
Fos as a neural marker 
Fos is the product of the immediate early gene (IEG) c-fos, and it serves as a 
transcriptional factor that can change the expression of other genes in a neuron (figure 2) The 
expression of IEG's and the visualization of the protein products have been proven extensively 
in the recent years to be a very useful marker for neural activity following a variety of stimuli 
(reviewed in Morgan and Curran 1995, Morgan and Curran 1991) The expression of IEG's 
has been studied mainly by monitoring an IEG product, which was usually Fos, in the nervous 
system, following many types of physiological, pharmacological and behavioral stimuli 
The immediate early genes were discovered when it became recognized that most proto-
oncogenes encoded proteins involved in signal transduction Proto-oncogenes are the normal 
cellular genes that can be activated to become oncogenes Oncogenes are defined as any 
genetic element that can cause cellular transformation Historically, oncogenes were described 
as the transforming elements in some retroviruses and they were designated as v-onc, 
distinguishing it from its normal cellular counterpart, the proto-oncogene, c-onc It was 
discovered that some proto-oncogenes encoded nuclear proteins that did not fit into any 
conventional signal transduction pathway known in that time In addition, some proto-
oncogenes turned out to be activated immediately It was postulated that these proto-
oncogenes, the immediate early genes, might encode transcription factors that could act as 
nuclear 'third messengers', coupling second messenger-mediated events to subsequent 
alterations in gene expression Meanwhile it has been observed that the signal transduction 
pathways utilizing proto-oncogenes are involved in many biological processes 
Of the IEG's, c-fos and c-jun are the best known Both of these proto-oncogenes encode 
nuclear proteins (Fos and Jun) that physically associate with one another through a leucine-
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Fra Jun В 
Figure 2. Transcriptional activation and role of cellular immediate early genes c-fos and c-jun. 
Modified after Morgan and Curran (1995). 
zipper. Similar leucine zippers are possessed by the other members of the Fos and Jun family 
(i.e. FosB, Fral, Fra2, JunB, JunD). All members of the Fos family can form heterodimers 
with any member of the Jun family (figure 2). In addition, proteins of the Jun family can form 
hetero- and homodimers among themselves, which proteins of the Fos family can not. These 
dimeric complexes show relatively specific binding to short DNA elements. In the case of Fos-
Jun hetero- and homodimers, DNA binding is to the activator-protein-1 (AP-1) consensus site. 
Subsequently the binding of the AP-1 dimers can promote or inhibit the transcription from 
particular target genes bearing such sites in their promoters. And in this way the transcription 
of neuropeptides, for instance enkephalin, dynorphin and substance P, is regulated. 
As mentioned before, the expression of c-fos and it's nuclear protein product Fos is 
studied most extensively of all the EEG's. Synthesis of the protein Fos follows mRNA 
expression and it is turned over with a half-life of about two hours, providing a specific time-
window. A great advantage of using Fos as a marker for neural activity, is that using 
immunocytochemical or in situ hybridization techniques, it can be precisely revealed which 
individual neurons express Fos. Another valuable feature of using Fos as a neural marker is 
that the individual activated neurons may be further characterized in terms of proteins, 
receptors, transmitters or anatomical connections. 
The significance of the induction of Fos is, however, complicated, especially in complex 
behavioral situations such as copulatory behavior. For a proper and careful interpretation, the 
following points have to be considered. 
a) "Systems-neuroanatomy" has revealed that complicated networks, containing several 
groups of neurons in different parts of the brain, are generally involved in the regulation of any 
behavioral or physiological system. Since both facilitatory and inhibitory relationships may 
exist between "nodal points", it is obvious that some links in the neural networks may not 
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become visible with the aid of Fos Additional experiments and neuroanatomical tracing 
studies remain necessary to complete the picture of the involved networks 
b) Neurons can be activated by a variety of stimuli and via many different receptors, 
inducing activity in one out of several second messenger systems, followed by different 
cascades of phosphorylation-pathways. Fos may or may not at all play a role in the metabolic 
or adaptive processes of a specific neuron reacting to a particular stimulus 
c) In addition, it has to be kept in mind that the nuclear protein Fos, is just a member of 
a much larger family. Different proteins and different dimers probably play a role in different 
cellular challenges, over different periods of time. Lack of Fos after a specific experiment may 
therefore reflect that Fos was not the most appropriate nuclear protein to study under the 
given circumstances 
d) Despite the possible reasons why Fos does not necessarily appear, a wealth of 
literature is available, describing the induction of Fos by an immense variety of different 
stimuli, in completely different physiological and behavioral situations This suggests that Fos 
is involved in many of the adaptive changes occurring at the cellular level, following a variety 
of stimuli. 
e) If Fos is expressed in a given brain area, as a result of a complex behavioral situation, 
such as copulatory behavior, the question arises in how far it reflects components of the 
complex chain between sensory inputs and motor outputs The presence of Fos may either 
reflect some kind of sensory afferent information, leading to activation of that particular 
neuron (Rusak et al 1990, Kornhauser et al 1990, Hunt et al 1987), but it may also reflect the 
extensive involvement of that particular (efferent) neuron in the (loco)motor activity or 
behavioral output performed in a specific situation (Jasmin et al 1994, Wan et al 1992, Castro-
Alamancos et al 1992) In some cases the expression of Fos in a specific population of 
neurons may reflect changes in the internal state of the animal, induced by a combination of 
external and internal stimuli, including hormonal and other blood-borne factors, and may 
reflect what can probably be defined as motivational state or drive. 
f) Especially in the study of complex behavioral situations, carefully chosen "control-
situations" are necessary, manipulating only a single factor of the situation, in order to study 
its specific role in the induction of Fos. 
g) Induction of Fos provides a sensitive measuring-system Not only the numbers of 
Fos-immunoreactive neurons should be taken as a measure Also the distribution of the 
neurons can be important In addition, the induction of Fos appears to occur in an adaptive 
way, related to the strength of the stimulus, the intensity, or the duration of the inducing 
factor. This adaptive reaction leads not only to larger numbers of Fos expressing cells, but also 
to a darker staining of the nuclei, after stronger stimulation Therefore, also the intensity of the 
staining can be used as a measure, provided that the immunohistochemical circumstances were 
kept as constant as possible, throughout the procedure 
Scope of the thesis 
The aim of the present study was to gain more insight in the neural mechanisms 
underlying male copulatory behavior, using the immunocytochemical visualization of the 
protein Fos, as a marker for neural activation, a technique that had recently become available. 
We started with a general mapping of the Fos expressing neurons following mating. Several 
different test-situations were included to study the induction of Fos following consummatory 
versus appetitive elements of male copulatory behavior. (Chapter 2). Subsequently, the 
distribution of Fos was studied following successive elements of the consummatory phase of 
male sexual behavior, i.e. mounts, intromissions and ejaculation (chapter 3) In addition, the 
distribution of Fos in males, following these successive elements of sexual behavior, was 
compared to the distribution in females following the same elements of copulation (chapter 3). 
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In order to study the induction of Fos, specifically related to ejaculation, the distribution of 
Fos-immunoreactivity was studied following ejaculation induced by administration of 8-OH-
DPAT (chapter 4). Since 8-OH-DPAT strongly facilitates sexual behavior, we were able to 
study the distribution of Fos following ejaculation that was preceded by a minimum of other 
elements of copulatory behavior. In addition, the effects of the systemic administration of this 
5-НТід agonist 8-OH-DPAT on Fos immunoreactivity were studied, in relation to the 
oxytocinergic system, which appeared strongly activated under these circumstances (chapter 
5) In chapter 6, the Fos positive neurons in the caudal diencephalon, present following 
ejaculation, were characterized in relation to two neuropeptides calcitonin gene related 
peptide and galanin, in male and female rats. These two neuropeptides may possibly be 
involved in the relay of ascending genital sensory inputs from the spinal cord. And finally, in 
several brain areas that express Fos following mating, the interrelationships with the medial 
preoptic nucleus were studied by combining immunohistochemical staining for Fos with the 
application of retrograde and anterograde neuroanatomies tracers in the medial preoptic 
nucleus (chapter 7). In the final discussion (chapter 8) the results are summarized and a more 
general interpretation of our findings is presented 
19 
Chapter 2 
Distribution of Fos immunoreactivity 
following consummatory versus appetitive aspects 
of sexual behavior in the male rat. 
Lique M Coolen, Hans J Ρ W Peters and Jan G. Veening 
Department of Anatomy and Embryology, Faculty of Medical Sciences, University of 
Nijmegen, the Netherlands 
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ABSTRACT 
Using immunocytochemical visualization of the protein Fos as a marker for neural 
activity, it was demonstrated that specific subregions of the medial preoptic area, the bed 
nucleus of the strìa terminalis, the medial amygdala and the caudal diencephalon are 
differentially activated during various aspects of sexual behavior in the male rat Induction of 
Fos immunoreactivity could be related to appetitive or consummatory phases of copulatory 
behavior Only following consummatory aspects of male copulatory behavior, including 
ejaculations, Fos positive cells were detected in the medial preoptic nucleus, the posterodorsal 
preoptic nucleus, the posterior nucleus of the amygdala and in a distinct subregion of the 
caudal diencephalon that was identified as the parvicellular part of the subparafascicular 
thalamic nucleus In the posterodorsal part of the medial amygdala and in the posteromedial 
part of the bed nucleus of the stria terminalis, Fos immunoreactivity was detected in relation to 
both consummatory and appetitive aspects of sexual behavior However, consummatory 
aspects were followed by a distinct and prominent pattern of Fos positive cells in these 
subareas In the posterodorsal part of the medial amygdala a cluster of Fos positive cells in the 
lateral part was detected only following mating including ejaculation Whereas Fos 
immunoreactivity following appetitive aspects was only present in the medial part In addition, 
two distinct clusters of Fos positive cells were detected following consummatory aspects in 
the posteromedial part of the bed nucleus of the stria terminalis We conclude that specific 
small populations or clusters of Fos positive neurons are activated after completion of male 
copulatory behavior, in addition to the distribution of Fos immunoreactivity induced by earlier 
phases of sexual behavior 
In addition, we have mapped the spatial relationships and the distribution of 
colocalization of luteinizing hormone-releasing hormone-containing cells and fibers in relation 
to the distribution of Fos immunoreactivity following appetitive and consummatory aspects of 
sexual behavior Double immunostained neurons were never observed However, in the 
posteromedial part of the bed nucleus of the stria terminalis and the posterodorsal part of the 
medial amygdala, luteinizing hormone-releasing hormone containing fibers were found to 
traverse populations of Fos positive cells 
In the present study, we report the existence of differences in the neural mechanisms 
underlying appetitive versus consummatory aspects of male copulatory behavior, which were 
studied using the protein Fos as a marker for neural activation 
INTRODUCTION 
Our knowledge about the neural regulation of sexual behavior in male rats, is based 
largely on studying male copulatory behavior following electrolytic or chemical lesions, the 
application of electrical stimulation or the implantation of small quantities of steroid hormones 
in specific brain areas (reviewed in Sachs and Meisel 1988) The medial preoptic area 
(MPOA) has been regarded as essential for neural regulation of copulation in male rats, since 
lesions in the MPOA have been shown to severely disrupt male copulatory behavior 
(Christensen et al 1977, De Jonge et al 1989, Hansen et al 1982, Heimer and Larsson 1966) 
Electrical stimulation of the MPOA facilitates the expression of sexual behavior in male rats 
(Malsbury 1971, Merari and Ginton 1975), whereas implantation of testosterone in this brain 
area (Davidson 1966, Kiemiesky and Gerall 1973) restores male sexual behavior in castrated 
male rats Likewise, the bed nucleus of the stria terminalis (BNST) (Emery and Sachs 1976, 
Claro et al 1995, Powers et al 1987, Valcourt and Sachs 1979), the medial amygdala (MEA) 
(DeJonge et al 1992b, Giantonio et 1970, Harris and Sachs 1975, Lehman and Winans 1982, 
McGregor and Herbert 1992a) and the caudal diencephalon (Hansen and Kohier 1984, 
Hansen and Gummesson 1982, Maillard and Edwards 1991) have been implicated as parts of 
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the neural system involved in male sexual behavior, since lesions in these specific areas affect 
male copulatory behavior. 
In recent years several researchers have used Fos immunoreactivity (-ГО.) to study the 
neural activation in the male rodent brain following copulation The immunocytochemical 
visualization of Fos, the protein product of the immediate early gene c-fos, has been widely 
used as a marker for the activation of neurons (Hoffman et al 1992, Morgan and Curran 1987, 
1991, 1995) Following copulation, Fos-IR was increased in the MPOA, BNST, MEA and 
caudal diencephalon, in male rats (Baum and Everitt 1992, Robertson et al 1991, Wersinger et 
al 1993) and in male hamsters (Femandez-Fewell and Meredith 1994, Kollack and Newman 
1992, Wood and Newman 1993b). Striking inductions of Fos-IR were reported in specific 
subregions of the BNST and the MEA, although a detailed quantitative analysis of Fos-IR in 
these subregions after mating has been made only in the male hamster (Kollack and Newman 
1992, Wood and Newman 1993b). 
In the present study, a detailed quantitative analysis was made, using Fos-IR as a marker 
for neural activation, to define specifically which subregions in the MPOA, BNST, MEA and 
caudal diencephalon, are involved in male sexual behavior Furthermore, we have attempted to 
delineate the contributions of specific subregions in the mating behavior circuitry to the 
different components of male copulatory behavior Male sexual behavior is a complex of 
different behavioral elements, each with its own characteristics (reviewed in Sachs and Meisel 
1988) Therefore, different behavioral test-situations, in which the male rats could exhibit 
different elements of sexual behavior, were used to investigate the neural activation caused by 
these elements To separately study the effects of appetitive aspects versus consummatory 
aspects (Everitt 1990) of sexual behavior, Fos-IR in experienced males following mounts, 
intromissions and ejaculations was compared to experienced males following chemosensory 
investigation of an anestrous female Since all males were sexually experienced and tested in a 
not-cleaned, "odor-rich" environment, where the mating experience was gained, we are aware 
that prior mating experience and conditioned sexual responses may influence the induction of 
Fos-IR Therefore, Fos-IR in not-sexually experienced male rats was studied following 
interaction with an anestrous female in a clean test-environment. In addition, two more groups 
were included, in which Fos-IR was studied in experienced males, placed in the odor-rich test 
environment without a female, or in inexperienced males placed in the clean test cage without 
a female Pilot studies had already indicated that no differences in Fos-IR were detected 
between sexually experienced and inexperienced rats following consummatory aspects 
In addition, since exposure to, or copulation with a receptive female induces the release 
of luteinizing hormone (LH) (Coquelin and Bronson 1979, Graham and Desjardins 1980, 
Kamel et al 1977, Wysocki et al 1983), we investigated the involvement of the LHRH-system 
to the distribution of Fos-IR following male copulatory behavior. Immunocytochemical 
double-labeling techniques were used to study colocalization of Fos-IR neurons and LHRH-
containing neurons and fibers following several aspects of male sexual behavior, which 
enabled us to identify individual activated neurons and to characterize these neurons in terms 
of their content 
EXPERIMENTAL PROCEDURES 
Animals 
Male Wistar rats (N=23, 300 gr, 3 months), obtained from the local breeding facilities, 
were housed separately from the females in groups of two in an artificially lighted room (LD 
12:12, lights on at 21 00 hr) Food and water were available at all times Female Wistar rats 
(200 gr) were bilaterally ovariectomized Sexual receptivity in these females was induced by 
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administration of 50 mg estradiol benzoate/0 1 ml arachidis-oil 48 hours prior to testing, 
followed by 500 mg progesterone/0 1 ml arachidis oil at 4 hours before testing 
Experimental protocols 
Five different test-situations were used (see table 1) All testing occurred during the fifth 
and sixth hour of the dark period, and the same procedure was used for all situations Briefly, 
males were placed in the testing environment for five minutes to adapt to the testing 
environment, after which an estrous, an anestrous or no female was presented, according to 
the specific test-situation Following a test period of 30 minutes the male rats were taken back 
to their home cages and sacrificed 60 minutes after ending of the test 
In test-situations А, В and С sexually experienced male rats were tested in the same 
environment in which these males had gained the mating experience This rectangular mating 
arena (40-50-65 cm) was not cleaned between mating-sessions and no clean bedding was 
used, in order to create a test-environment rich with sex-related odors Males in test-situation 
A (n=5) were placed in the mating arena with an estrous female and were allowed to engage in 
all aspects of copulation An average of 3 ejaculations (± 1) was achieved In situation В (n=5) 
experienced males were placed in the mating arena and allowed to interact with an anestrous 
female The males exhibited appetitive aspects, i e chemosensory investigation of the females, 
but consummatory aspects, i e mounting, intromissions and ejaculations, did not occur In 
test-situation С (n=5) the experienced male was placed in the familiar mating arena, without 
presentation of a female 
In test-situations D and E the male rats had not received any mating experience in 
previous sessions and were not placed in the mating arena The four pre-test exposures and 
the testing occured in a clean test-cage, similar to the mating arena This test-cage had never 
been inhabited by estrous females and was free of any sex-related odors Like in test-situations 
А, В and C, no clean bedding was used, to prevent a "novelty-stress" situation In test-
situation D (n=4) the sexually inexperienced males were allowed to interact with an anestrous 
female The males exhibited appetitive aspects of copulation, i e chemosensory investigation, 
but achieved no mounting behavior or penile intromissions In situation E (n=4) the 
inexperienced males were placed in the familiar test cage, without the presence of a female 
Immunocytochemistry 
Rats were anaesthetized 60 minutes after the end of the test, using sodium pentobarbital 
(30 mg/0 5 ml ip) Following an injection of héparine (1 ml, ip) to prevent excessive 
bloodclotting, males were perfused transcardially with 0 1 M phosphate buffered saline (PBS), 
pH 7 3, followed by 400 ml Zamboni fixative (1 8% paraformaldehyde + 7 5% picrinic-acid in 
0.1 M PBS, pH 7 5) Brains were removed and postfixed for 16-18 hours, in the same fixative 
at 4°C Coronal sections were cut at 75 μτη using a vibratome (Lancer series 1000) and 
collected in 0 1 M PBS Each second section was mounted and stained using Giemsa solution 
The remaining sections were washed free floating in PBS and soaked for one hour in 
incubation solution (PBS containing 0 1% bovine serum albumin and 0 5% triton χ-100), with 
the addition of 5% normal horse serum Subsequently, the sections were incubated overnight 
on a shaker at room temperature with an anti-Fos antiserum raised in sheep (Cambridge 
research Biochemicals, Northwich, England, OA-11-823, batch 07583/2351), diluted 1 2000 
in the incubation solution Subsequently, the sections were incubated for 90 minutes at room 
temperature with a horse anti-sheep second antibody (1 100 in incubation solution, Radboud 
HO 1-140987) and for 90 minutes at room temperature with sheep peroxidase anti-peroxidase 
(Nordic 3370, 1 600 in incubation solution) In-between each incubation, sections were 
washed twice with PBS The Fos antibody peroxidase complex was visualized by exposure for 
10 minutes to a chromogen solution consisting of 0 02% 3,3' diaminobenzidine 
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TEST-SITUATIONS 
CONSUMMATORY ASPECTS 
(mounts, intromissions, ejaculations) 
APPETITIVE ASPECTS 
(chemosensoiy investigation) 
* interaction with female 
* in mating arena 
* in clean test cage 
MATING EXPERIENCE 
HANDLING AND EXPLORATION 
A 
+ 
+ 
+ 
-
+ 
+ 
В 
-
+ 
+ 
-
+ 
+ 
С 
-
-
+ 
-
+ 
+ 
D 
-
+ 
-
+ 
-
+ 
E 
-
-
-
+ 
-
+ 
Table I. Schematic representation of the five test-situations (A, B, C, D and E). The occurrence of 
specific elements of behavior, or of other factors potentially influencing Fos-IR, is indicated with +, while -
indicates the absence ofthat specific element. 
tetrahydrochloride (DAB) with 0.03% Nickel-ammonium sulfate added to it, in 0 05 M Tris-
buffer (pH 7.6), followed by incubation for 10 minutes in chromogen solution containing 
hydrogen peroxide (25 ml of a 30% solution per 25 ml of reaction solution) This resulted in a 
blue-black product. 
Subsequently, for double staining with LHRH, all sections were incubated overnight in a 
rabbit antibody to LHRH (Eurodiagnostics Apeldoorn, the Netherlands, PLR lot 04), diluted 
1:1000 in incubation solution with 5% normal goat serum added to it, subsequently incubated 
with a goat anti-rabbit second antibody (Nordic Tilburg, 1 100 in incubation solution) and for 
90 minutes in rabbit peroxidase anti peroxidase (Dakopatts, Zl 13 lot 39, 1 600 in incubation 
solution) The DAB reaction was conducted without the addition of Nickel-ammoniumsulfate 
resulting in a brown reaction product Following staining the sections were mounted on 
gelatin/chrom aluin-coated glass slides, dried overnight, cleared in xylene, embedded with 
Entellan (Merck, Darmstadt, Germany) and coverslipped. 
Analysis of Fos-IR in brain sections 
Following extended general mapping of the distribution of Fos-IR in the brain, following 
the different test-situations, the numbers of Fos-IR neurons were counted in several brain 
areas where distinct differences were noted These areas included the MPOA and a subregion 
of the caudal diencephalon. In the MEA numbers of Fos positive neurons were quantitatively 
analysed in four subnulei: the anterodorsal, anteroventral, posterodorsal and posteroventral 
parts of the MEA. In addition, Fos-IR numbers were also quantitatively analysed in three 
additional amygdaloid subnuclei, the bed nucleus of the accessory olfactory tract, the posterior 
nucleus of the amygdala and the posteromedial cortical amygdala In the BNST, Fos-IR 
neurons were counted in four subregions: the anteromedian anterolateral, posteromedial and 
posterolateral parts of the BNST 
To delineate subdivisions of the MEA and the BNST, we have used the panellation of 
the cytoarchitectonic characteristics observed on the adjacent Giemsa-stained sections and 
based on studies by Swanson (1992), by Paxinos and Watson (1986), by Krettek and Price 
(1978a and 1978b), by De Olmos et al (1985), by Ju and Swanson (1989) and by Moga et al 
(1989). In the BNST, we have used a simplified panellation, dividing it in four parts. The 
anterolateral part (BNSTal) corresponds to the anterolateral area as described by Ju and 
Swanson (1989), and to part of the lateral division defined by Krettek and Price (1978a). The 
anteromedial part (BNSTam) corresponds to the anterodorsal area as described by Ju and 
Swanson (1989). The posterolateral part (BNSTpl) consists of the interfascicular nucleus and 
the transverse nucleus (Ju and Swanson 1989) The posteromedial part (BNSTpm) has been 
defined by Ju and Swanson (1989) as the principal (encapsulated) nucleus of the posterior 
division. 
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Fos-IR cells were counted, using a Zeiss lightmicroscope and drawingtube, in two 
consecutive sections representative for each subregion In most subregions, the two sections 
largely covered the total length of the area The borders of the selected brain areas were 
drawn from the alternating series of Giemsa-stained sections Subsequently, the total surface 
areas of the quantified brain regions were calculated for each sample with the aid of a Kontron 
Videoplan equipment 
The data are presented as average numbers of Fos-IR cells per mm2 of two samples 
Data were statistically analysed using the Welch test and post hoc comparisons were based on 
the Hochberg method using a 0 05 level of significance (Hochberg and Benjamini 1990) 
Several comparisons between test situations were analysed A was compared with В and Ε, В 
with D and E, С with E and finally, D with E 
RESULTS 
Distribution of Fos-IR neurons 
The amygdaloid complex 
A screening of the distribution of Fos-IR neurons in the amygdaloid complex revealed 
differences in the induction of Fos-IR in the bed nucleus of the accessory olfactory tract, the 
posteromedial cortical amygdaloid nucleus, the posterior nucleus of the amygdala (also known 
as the amygdalo hippocampal transition area (see Canteras et al 1992) and the medial nucleus 
of the amygdala In contrast, no differences in Fos-IR were detected in the basolateral 
amygdala or central amygdala 
The numbers of Fos-IR neurons were increased in the bed nucleus of the accessory 
olfactory tract (BAOT) (figure 1A), in experienced males following appetitive aspects of 
copulation The increase, however, just failed to reach the level of significance (p=0 09) No 
increases were observed, following consummatory aspects, or following any of the other test-
situations In the posteromedial cortical amygdala (PMCo) (figure ID), the induction of Fos-
IR was increased following consummatory aspects and following all other test-situations, 
although again, no levels of significance were reached (p=0 07) In the posterior nucleus of 
the amygdala (PA) (figure ID), however, a significant increase in the numbers of Fos-IR 
neurons was detected, specifically following consummatory aspects of copulation 
In the medial nucleus of the amygdala (MEA), significant and consistent changes in 
numbers of Fos-IR neurons, were observed in the posterodorsal part of the MEA (MEApd) 
(figure 1С) In the MEApd, the number of Fos positive neurons was increased after appetitive 
aspects and was significantly further increased after consummatory aspects No significant 
difference in numbers of Fos-IR neurons following appetitive aspects of copulation, was found 
between experienced and inexperienced males 
In addition to the quantitative difference in numbers of Fos-IR neurons following 
consummatory and appetitive aspects of copulation, a striking difference in the distribution of 
Fos positive neurons was observed As shown in figures 4K and 5D, only following 
consummatory aspects, a specific prominent cluster of cells appeared in the lateral zone of the 
MEApd Whereas, following appetitive aspects, the Fos positive neurons in the MEApd were 
not clustered in the lateral zone, but situated more medial, close to the optic tract (figure 4J 
and 5C) Analysis of Giemsa-stained sections showed that the characteristic pattern of Fos-IR 
following mating including ejaculation, was localized in a distinct dense cluster of darkly 
stained cells in the lateral zone of the MEApd (figure 4L) 
Induction of Fos-IR in the posteroventral part of the MEA (MEApv) (figure 1С) 
showed a slight increase following consummatory aspects of copulation (A) In the 
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anterodorsal part of the MEA (MEAad) (figure IB) and in the anteroventral part of the 
MEA (MEAav) (figure IB), no increases in Fos-IR were observed 
The bed nucleus of the stria terminahs 
A large increase of Fos-IR was observed in the posteromedial part of the BNST 
(BNSTpm), where Fos-IR was increased following consummatory aspects and following 
appetitive aspects of copulation Although the increase in Fos-IR following appetitive aspects 
in experienced males just failed to reach statistical significance, the numbers of Fos-IR cells 
were not significantly different from the numbers following consummatory aspects 
In addition, consistent and prominent differences in the distribution of Fos positive cells 
were observed in the BNSTpm Following consummatory aspects of copulation, two 
characteristic clusters of Fos-IR neurons appeared One of them was situated in the rostral 
part of the BNSTpm, close to the ventricle (figure 4E), while the other cluster appeared in the 
caudal part of the BNSTpm, situated close to the fornix (figure 4H and 5B) Following 
appetitive aspects, the Fos positive neurons were scattered over the entire subnucleus and the 
characteristic clusters of Fos-IR neurons were not observed (figure 4D, 4G and 5 A) 
In the anteromedial part of the BNST (BNSTam) (figure 2A) and the posterolateral 
part of the BNST (BNSTpl) (figure 2B) Fos-IR was significantly increased following 
consummatory aspects, although the numbers of Fos-IR neurons were low, compared to the 
Fos-IR in the BNSTpm (figure 2B) In the anterolateral part of the BNST (BNSTal) (figure 
2 A) no increase of Fos-IR was found 
The preoptic area 
A very restricted population of Fos-IR cells was detected following consummatory 
aspects of copulation (A) in the medial preoptic nucleus (MPN) (figure ЗА and 4B) No 
regional differences in distribution were observed between the central, medial and lateral parts 
of the MPN (Swanson 1992) and therefore, no subregions were quantified individually More 
caudally, the Fos positive cells were less precisely restricted to the MPN, as they were 
diffusely spread dorsally and laterally into the regions of the BNSTpl and BNSTpm Another 
striking cluster of Fos-IR cells was observed in the posterodorsal preoptic nucleus (PD), 
where only consummatory aspects resulted in a pronounced induction of Fos-IR (figure 4H) 
None of the other test-situations had any effect on the occurence of Fos-IR in any other part 
of the preoptic area 
The subparafascicular thalamic nucleus 
Following consummatory aspects of copulation, Fos-IR neurons were detected caudally 
in the diencephalon, in a small horizontal layer, clustered just dorsal to the medial lemniscus 
(ml) (figure 4N) This layer of Fos-IR extended rostromedially and caudolaterally, in-between 
the fasciculus retroflexus and the peripeduncular nucleus This Fos-IR cell population, consists 
mainly of the parvicellular part of the subparafascicular thalamic nucleus (SPFp) (figure 40, 
figure 3B) For this reason we refer to this Fos-IR cell population as the SPFp However, we 
acknowledge that the total area containing Fos-IR extends further, in a caudoventral direction, 
where some Fos positive cells were situated ventral to the ml, within the boundaries of the 
zona incerta, as well as in a caudolateral direction, where some of the Fos-IR neurons were 
observed within the boundaries of the peripeduncular nucleus In the SPFp, high numbers of 
Fos positive cells were detected, specifically following consummatory aspects of copulation 
(figure 3B) 
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Figure 2. Mean numbers ofFos-IR neurons per mm2 (±SEM) in specific subregions of the rostral (A) 
and caudal (B) BNST, with camera lucida drawings of adjacent Giemsa-stained sections (Α-D), illustrating the 
subregions where the Fos-IR neurons were counted. Scale bar = 1.0 mm. * ρ < 0.05, ** ρ < 0.001. 
<— Figure 1. Mean numbers of Fos-IR neurons per mm2 (± SEM) in specific subregions at successive 
rostrocaudal levels of the MEA, with camera lucida drawings of adjacent Giemsa-stained sections (A-D), 
illustrating the subregions where the Fos-IR neurons were counted. Scale bar = 1.0 mm. * ρ < 0.05, **ρ < 
0.001. 
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Other brain areas 
In addition to the areas mentioned above, Fos-IR was detected in the dorsal part of the 
endopiriform nucleus, prepiriform and piriform areas, in the paraventricular, central medial 
and lateral thalamic nuclei, in the lateral habenula, in the dorsomedial hypothalamus and in a 
cluster of cells in between the arcuate nucleus and the ventromedial hypothalamic nucleus. In 
none of these areas, however, consistent differences were observed following the different 
test-situations. Some Fos positive cells were observed in the paraventricular hypothalamic 
nucleus, but although Fos-IR was increased two-fold following consummatory aspects, this 
induction was not significantly higher compared to control situation E. 
Colocalization of Fos-IR with LHRH-containing neurons and fibers 
LHRH-containing fibers in the BNST and MEA were particularly dense in the subareas 
showing the largest numbers of Fos positive cells, the BNSTpm and the MEApd. LHRH-IR 
fibers in the BNSTpm and MEApd were found to traverse the population of Fos-IR neurons 
following consummatory or following appetitive aspects of copulation. The cell bodies of the 
LHRH-containing neurons were studied in the medial septum, in the nucleus of the diagonal 
band, in the MPOA and in the anteroventral preoptic nucleus. The LHRH-containing cells 
showed no colocalization with Fos, following any of the test-situations. 
Figure 3. Mean numbers of Fos-IR neurons per mm2 (± SEM) in MPN (A) and SPFp (B), with camera 
lucida drawings of adjacent Giemsa-stained sections, illustrating the subregions where the Fos-IR neurons 
were counted. Scale bar • 1.0mm. **p < 0.001 
Figure 4. —* A series of photomicrographs illustrating the distribution of Fos-IR neurons in the MPN 
(A and B), rostral BNSTpm (D and E), caudal BNSTpm (G and H), MEApd (J and K) and SPFp (M and N). 
The left column shows the distribution in experienced males that interacted with anestrous females (test-
situation B), while the middle column illustrates the distribution in mating males (test-situation A), in 
representative animals. Photomicrographs of Giemsa-stained sections are included (right column, C, F, I, L 
and O) illustrating the architecture of each subnucleus. Scale bar = 500 μτη. 
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DISCUSSION 
The present study demonstrates, using the immunocytochemical visualization of Fos, 
that specific subregions of the MPOA, BNST, MEA and the caudal diencephalon are 
differentially activated during various aspects of sexual behavior in the male rat By exposing 
experienced and inexperienced male rats to different behavioral situations in which specific 
aspects of sexual behavior could be evaluated, increases in Fos-IR could be related to 
appetitive or consummatory phases of copulatory behavior. 
Distribution of Fos-IR 
A great advantage of using Fos as a neural marker, is that a precise localization of the 
important sites for copulation is possible, since individual activated neurons are identified. 
Another value of using this marker is that the individual activated neurons may be further 
characterized in terms of proteins, receptors, transmitters or anatomical connections. 
A major difficulty in the interpretation of the significance of the induction of Fos-IR, 
however, is that the presence of Fos-IR in a given neuron induced by a complex behavioral 
situation, may reflect components of the complex chain from sensory input (Hunt et al 1987, 
Komhauser et al 1990, Rusak et al 1990), to motor output (Jasmin et al 1994) In addition, a 
Fos-IR neuron can have either a facilitatory, or an inhibitory function Therefore, we can 
conclude that the particular neuron is activated, but we can only suggest the functional role of 
that neuron. 
Interrelationships between activated areas 
In the present study, increases of Fos-IR were observed in the MPOA, BNST, MEA and 
the caudal diencephalon, in agreement with previous reports about Fos-IR in male rats and 
hamsters (Baum and Everitt 1992, Femandez-Fewell and Meredith 1994, Kollack and 
Newman 1992, Wood and Newman 1993). These observations correspond well with reports 
about the disruption of sexual behavior following lesions in these areas and the facilitatory 
effects of electrical stimulation (reviewed in Sachs and Meisel 1988). 
In addition, in the present study, we observed that Fos-IR was specifically induced in 
particular subregions of these brainareas In the MEA, high numbers of Fos-IR were detected 
in the PA and MEApd. In the BNST, an increase was found in the BNSTpm. In the MPOA, 
Fos positive cells were found in the MPN and the PD And in the caudal diencephalon, Fos-IR 
neurons were activated in the SPFp. 
When these findings are compared with the current knowledge about the 
interrelationships between specific subregions of the MEA, BNST, MPOA and caudal 
diencephalon, a match is found The BNSTpm, is heavily innervated by the MEApd and PA 
(Berk and Finkelstein 1981, Canteras et al 1992, Kita and Oomuza 1982, Krettek and Price 
78a and 78b, Simerly and Swanson 1986), which are interconnected (Canteras et al 1992) 
Likewise the MEApd receives projections from the BNSTpm (Canteras et al 1992, Simerly 
and Swanson 1986) Also, the MPN has dense, reciprocal connections with the BNSTpm and 
with the MEApd and PA (Simerly and Swanson 1986 and 1988), from where projections 
travel via the stria terminalis (Kevetter and Winans 1981, Krettek and Price 1978a, Lehman 
and Winans 1982, Maragos et al 1989) Furthermore, the MPN has reciprocal connections 
with the SPFp (Chiba and Murata 1985, Simerly and Swanson 1986 and 1988), whereas parts 
<- Figure 5. Photomicrographs at a higher magnitude showing the appearance of clusters of Fos 
positive neurons following mating (test-situation A) in subregions of the BNSTpm (B), MEApd (D) and SPFp 
(F) in the same animals as shown in figure 4 The photomicrographs in the left column show the detailed 
distribution of Fos-IR neurons in males that interacted with anestrous females (test-situation B) in the same 
subregions. Scale bar = 100 /ял. 
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of the SPFp project to the MEA (Yasui et al 1991) This indicates that the subregions, where 
increased Fos-IR was detected following appetitive or consummatory elements of sexual 
behavior, are components of an interconnected network, probably involved in the control of 
male copulatory behavior 
Induction of Fos-IR by vomeronasal sensory stimulation 
Male copulatory behavior is dependent on chemosensory cues Manipulations of the 
components of the neural circuit that processes chemosensory cues, the vomeronasal system, 
cause deficits in sexual behavior (reviewed in Sachs and Meisel 1988) In the present study, 
increases in Fos-IR were observed in the PA, BNSTpm and MEApd, which are major parts of 
the vomeronasal and reciprocally connected with the target area MPN Therefore, Fos-IR in 
these parts may reflect the effects of vomeronasal stimulation 
In the MEApd, increased numbers of Fos-IR were observed following chemosensory 
investigation of the female The distribution of these Fos positive neurons, which were 
situated in the medial part of the MEApd, close to the optic tract, corresponds highly to the 
distribution of the afferent fibres relaying vomeronasal input from the AOB (Kevetter and 
Winans 1981, Lehman and Winans 1982, Scalia and Winans 1975) Therefore, the Fos-IR 
neurons in the medial zone of the MEApd appear to be activated by vomeronasal inputs In 
agreement, Fos-IR in the MEApd in male hamsters was demonstrated to be increased 
following exposure to female hamster vaginal fluid, showing a similar distribution of Fos-IR 
neurons close to the optic tract (Fiber et al 1993) In addition, Femandez-Fewell and Meredith 
(1994) demonstrated absence of Fos-IR in the MEA following stimulation of female hamster 
vaginal fluid in males with the vomeronasal organs removed In the present study, however, 
no Fos-IR was increased following vomeronasal stimulation after exploration of the mating 
arena, containing sex related odors A possible explanation may be, that the vomeronasal 
stimulation induced by exploration of the mating arena, was not strong enough to induce any 
Fos-IR in these regions 
In the BNSTpm, appetitive aspects of copulation were clearly followed by increased 
Fos-IR That this increase in Fos-IR in the BNSTpm does not solely reflect vomeronasal 
sensory stimulation can be concluded from observations by other investigators Femandez-
Fewell and Meredith (1994) reported that removal of the vomeronasal organs had no effect on 
the induction of Fos-IR in the BNSTpm in male hamsters stimulated with vaginal fluid or 
performing chemosensory investigation Also in rats, induction of Fos-IR in the BNST was 
not reduced as a result of lesions of the olfactory peduncle (Baum and Everitt 1992) Since in 
the present study, Fos-IR was induced in the BNSTpm of all males performing chemosensory 
investigation, Fos-IR seems to reflect the involvement in directing chemosensory investigative 
behavior, possibly in combination with other, sensory or hormonal stimuli 
Fos-IR was not increased following chemosensory investigation in the PA Concerning 
the PA, we must therefore conclude that Fos-IR not solely reflects vomeronasal inputs, but 
that additional genital sensory stimulation is necessary, since Fos-IR was induced following 
consummatory aspects of copulatory behavior 
In two other parts of the vomeronasal system, the PMCo and BAOT, which are 
receiving direct input from the AOB, induction of Fos-IR was also observed, although not 
statistically significant In the PMCo, Fos-IR was induced in all situations and may be a 
reflection of vomeronasal input from exploring the environment or the female In the BAOT, 
Fos-IR was found in experienced males, "expecting" to be able to mate, but presented with a 
non-receptive female (test-situation B) Since DeJonge et al (1992b) reported increased 
cerebral glucose utilization in the BAOT during conditioned sexual arousal, the observed 
induction of Fos-IR may be related to a conditioned sexual response However, no firm 
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conclusions can be made based on the results regarding the BAOT and PMCo in this study, 
and further research regarding these nuclei will be necessary 
Induction ofFos-IR by genital sensory stimulation 
Other sensory cues involved in copulation, besides chemosensory cues, are genital 
sensory stimuli These genital sensory stimuli may consist of somatosensory information, 
caused by stimulation of the penis and relayed by the pudendal nerve (De Groat and Booth 
1993, De Groat and Steers 1990, Janig and Koltzenburg 1993, McKenna and Nadelhaft 
1986) Or may consist of a second type of sensory information, visceral sensory stimulation 
from internal organs and probably caused by ejaculation, relayed through the pelvic nerve 
(Morgan et al 1981, Nadelhaft and Booth 1984, Nance et al 1988, Sugiura et al 1989) Since 
intromissions and ejaculations both occurred in test-situation A, the two types of sensory 
stimulation can not be studied separately Therefore, using the term genital stimulation, we are 
referring to a possible mix of genital somatosensory and visceral sensory stimulation 
A brain area, where Fos-IR was only induced following consummatory aspects of sexual 
behavior, was the SPFp Fos-IR in the SPFp is thus likely to be a reflection of genital sensory 
input, especially since ascending genital sensory input reaches the SPFp directly or indirectly 
from the lumbosacral spinal cord (Ju et al 1987 LeDoux et al 1987, Nahin 1988) 
Also in the MPN, Fos-IR was induced following consummatory aspects of masculine 
sexual behavior Since the MPN receives projections from the SPFp (Simerly and Swanson 
1986), possibly relaying genital stimulation, Fos-IR in the MPN may be a reflection of this 
sensory input That Fos-IR in the MPN is not solely a reflection of genital sensory stimulation, 
however, was demonstrated by Baum and Everitt (1992) They showed that unilateral lesions 
of the caudal diencephalon did not reduce Fos-IR in the MPN that was induced following 
intromissions Fos-IR induction in the MPN, however, was shown to be reduced following 
combined lesions of the MEA and caudal diencephalon This suggests that the activation of c-
fos in the MPN following intromissions depends on afferent inputs from both the MEA and 
SPFp 
In the MEApd and BNSTpm, induction of Fos-IR was not only detected following 
appetitive aspects, but also following consummatory aspects of sexual behavior In the 
MEApd, mating including ejaculations caused a significant higher induction of Fos-IR 
compared to the induction following chemosensory investigation In addition, the 
topographical distribution of Fos positive cells changed considerably, since only following 
consummatory aspects, a striking cluster of Fos positive cells appeared in the lateral part of 
the MEApd These findings suggest that Fos-IR in the lateral part of the MEApd is induced by 
genital stimulation Based on this observation, we need to conclude that the lateral part of the 
MEApd differs from the medial part, where Fos-IR was activated by vomeronasal stimulation 
In female rats a similar distribution as in males of Fos-IR in the lateral part of the 
MEApd, can be observed following mating (Erskine 1993, Pfaus et al 1993, Rowe and 
Erskine 1993, personal observations) In females, it was shown that transection of the pelvic 
nerves completely reduced the induction of Fos-IR in the MEApd (Rowe and Erskine 1993, 
Wersinger et al 1993) In females, like in males, the pelvic nerve relays viscero sensory input 
from the internal reproductive organs (Janig and Koltzenburg 1993) It can therefore be 
concluded that the induction of Fos-IR in the lateral part of the MEApd of female rats, reflects 
the relay of viscero sensory inputs to this subarea We hypothesize that, in line with results 
obtained in females, the induction of Fos-IR in the lateral part of the MEApd in male rats, is 
related to visceral sensory stimulation, relayed via the pelvic nerve 
At present, there are no anatomical or physiological evidence supporting a possible relay 
of viscero sensory inputs specifically in the lateral aspect of the MEApd, although projections 
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from the SPFp to the MEA have been identified (Ottersen and Ben-Ari 1979, Turner and 
Herkenham 1991, Yasui et al 1991) 
Similar to the situation described in the MEApd, the BNSTpm contained two dense 
clusters of Fos-IR cells following consummatory aspects of copulation, suggesting that these 
clusters are activated by genital stimulation At present, anatomical connections between the 
SPFp and the specific clusters in the BNSTpm have not been described 
Induction of Fos-IR by hormonal stimulation 
All subrogions showing high increases in Fos-IR following mating are known to contain 
high numbers of androgen- and estrogen containing neurons (Greco et al 1994, Simerly et al 
1990, Wood and Newman 1993b) This suggests that Fos-IR is possibly a reflection of the 
hormonal changes following mating, since mating induces release of luteinizing hormone, 
prolactine, follicle stimulating hormone and testosterone (Coquelin and Bronson 1979, Kamel 
et al 1977, Wysocki et al 1983) In mating male hamsters, Wood and Newman (1993b) 
demonstrated co-localization of Fos-IR and a sub-population of androgen receptor-containing 
neurons They showed that the subnuclei demonstrating the highest increases in Fos-IR, were 
the same subnuclei that contained the largest numbers of androgen-receptor containing cells, 
and tended to show the highest percentage of co-localization 
Relation to the LHRH-system 
Since in mating male rats, in experienced males attempting to mate, and in experienced 
males following presentation of female urine, increased serum LH release was detected 
(Graham and Desjardins 1980, Kamel et al 1977, Wysocki et al 1983), in the present study an 
increase in LH-levels would have been expected following all test-situations in which 
experienced male rats were studied (test situations А, В and C) 
Following any of these test-situations, however, no activated LHRH-IR neurons were 
detected Absence of activated LHRH-IR neurons following copulation, has also been 
reported in male hamsters (Fernandez-Fewell and Meredith 1994, Doan and Urbanski 1994) 
and in male ferrets (Lambert et al 1992) In contrast to female rats, mice and ferrets, where 
colocalization of Fos-IR and LHRH-IR neurons was detected accompanying the preovulatory 
LH-surge or following copulation (Hoffman et al 1990, Lambert et al 1992, Lee et al 1990 
and 1992, Van der Beek et al 1994, personal observations) This may indicate a sexual 
dimorphism, regarding the mechanisms of the LHRH-system in males and females However, 
it may also be related to differences between the low release of LH following mating and the 
high LH-release during the LH-surge As mentioned above, in females, LHRH-IR neurons 
express c-Fos during the proestrous LH-surge A (lower) increased LH-release, caused by 
administration of N-methyl-D,L-Aspartate (NMDA) (Donoso et al 1992), however, was 
shown not to induce Fos-IR in LHRH-IR neurons (Lee et al 1993) 
The spatial relationship between LHRH-IR fibers and Fos-IR neurons is not straight 
forward Some parts of the brain, where LHRH-IR fibers are passing, do not show Fos-IR 
under the circumstances tested in the present study On the other hand, LHRH-IR fibers 
traversing the population of Fos-IR cells were detected in the BNSTpm and MEApd 
Concerning their functional relationships, we have to take the following data into 
consideration LHRH neurons can be activated via a separate pathway, the nervus terminalis 
(Lehman et al 1987, Schwanzel-Fukuda et al 1985), a considerable part of the LHRH neurons 
do not project to the median eminence, but to other parts of the central nervous system 
(Jennes and Stumpf 1986, Merchenthaler et al 1989, Silverman and Krey 1978), small 
numbers of LHRH containing fibers are sufficient (Dudley and Moss 1988, Sakuma and Pfaff 
1980) to induce lordosis behavior in the periaqueductal grey of female rats, and finally, 
LHRH-containing fibers in the periaqueductal grey do not show synaptic specifications, 
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indicating that LHRH is released by exocytosis in the extracellular space From the sparse 
fibers, it may then diffuse and influence neurons over considerable distances, by means of non-
synaptic communication (Buma 1989a, Buma 1989b, Veening et al 1991) From these 
considerations and in agreement with previous suggestions (Pfaffet al 1987, Oka 1992), we 
suggest that the LHRH-IR fibers may play some kind of modulatory or permissive role, 
possibly changing the state of groups of neurons in such a way that other relevant stimuli, as 
we have discussed them, become (more) effective in activating the relevant parts of the brain 
In this way, the LHRH-system may contribute to the motivational state of the animal without 
being responsible for the induction of Fos-IR itself 
Conclusions 
In conclusion, we demonstrated that within the MEA, MPOA, BNSTpm and caudal 
diencephalon, relatively small subregions are involved in the neural circuit underlying male 
copulatory behavior These subregions are known to be heavily and reciprocally interrelated 
and Fos-IR appears to reflect convergent integration of sensory inputs and hormonal 
stimulation In addition, very surprisingly, within these small subregions, even smaller clusters 
of neurons were shown to be involved in the consummatory phases of male sexual behavior 
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ABSTRACT 
In the present study a comparison was made between the distribution of Fos 
immunoreactivity in the brain of female and male rats following successive elements of sexual 
behavior. The distribution of Fos immunoreactivity following respectively mounting, eight 
intromissions and one or two ejaculations was compared with that in control animals. In both 
females and males, Fos immunoreactivity was induced in the medial preoptic nucleus, 
posteromedial part of the bed nucleus of the stria terminalis, posterodorsal part of the medial 
amygdala and the parvicellular part of the subparafascicular thalamic nucleus. In addition, in 
females Fos immunoreactivity was induced in the ventrolateral part and the most caudoventral 
part of the ventromedial nucleus of the hypothalamus and in the premammilary nucleus Clear 
differences between females and males were detected however, in the phases of sexual activity 
that resulted in Fos immunoreactivity in these brain areas, allowing more insight in the nature 
of the sensory and hormonal stimuli leading to the induction of Fos immunoreactivity. The 
posteromedial bed nucleus of the stria terminalis appears to be involved in chemosensory 
investigation, while specific distinct subregions are only activated following ejaculation In 
addition, the parvicellular subparafascicular nucleus and the lateral part of the posterodorsal 
medial amygdala appear to be involved in the integration of viscero-sensory input. The neural 
circuitries underlying sexual behavior in males and females appear to be very similar in terms 
of integration of sensory information. Although in males the medial preoptic nucleus may be 
regarded as the brain area where the integration of sensory and hormonal stimulation leads to 
the onset of male sexual behavior, while in females the ventrolateral part of the ventromedial 
hypothalamic nucleus appears to have this function. 
In addition, Fos immunoreactivity was distributed in distinct clusters in subregions 
within various brain areas, in males and females. This was observed especially in the 
posteromedial bed nucleus of the stria terminalis and posterodorsal medial amygdala, but also 
in the parvicellular subparafascicular nucleus, ventromedial hypothalamic nucleus and ventral 
premammillary nucleus It appears that not entire nuclei are involved in specific behavioral 
actions. Instead, relatively small subunits within these nuclei seem to be concerned with the 
integration of sensory and hormonal information and may play a critical role in sexual 
behavior. 
INTRODUCTION 
The immunocytochemical visualization of the protein product (Fos) of the immediate 
early gene c-fos has been used as a marker for the activation of neurons stimulated in various 
ways (Morgan and Curran 1995, Hoffman et al 1992). Several investigators have studied the 
neural activation in the male rodent brain following copulation, using Fos immunoreactivity 
(IR). Increases in Fos-IR were reported in the medial preoptic area (MPOA), the bed nucleus 
of the stria terminalis (BNST), the medial amygdala (MEA) and in the midbrain central 
tegmental field, in male rats (Baum and Everitt 1992, Robertson et al 1991, Wersinger et al 
1993) and in male hamsters (Femandez-Fewell and Meredith 1994, Kollack and Newman 
1992, Wood and Newman 1993b) 
In the previous chapter (chapter 2) we compared the distributions of Fos-IR neurons 
following different behavioral situations in which male rats were able to display consummatory 
aspects of sexual behavior, including intromissions and ejaculations, or appetitive aspects 
during the interaction with anestrous females or in a sex-odor rich environment. Differences in 
the distribution of Fos-IR after these different behavioral aspects of male copulatory behavior 
were observed in specific subregions of the MPOA, BNST, MEA and the caudal 
diencephalon. Fos-IR in the medial preoptic nucleus (MPN) and in the parvicellular part of the 
subparafascicular thalamic nucleus (SPFp) was observed only following mating including 
intromissions and ejaculations, suggesting that these areas were mainly involved in the 
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performance of mating Fos expression in the posteromedial part of the BNST (BNSTpm) and 
in the posterodorsal part of the MEA (MEApd) was evident in males following mating and in 
addition in males that performed anogenital investigation These two situations, however, 
resulted in different distributions of Fos-IR, whereas following mating, specific clusters of 
Fos-IR appeared in the BNSTpm and MEApd, suggesting a different kind of activation under 
these circumstances 
So far, we studied the distribution of Fos-IR following mating performance, without 
taking in account the elements mounts, intromissions and ejaculations separately Therefore it 
was not clear which behavioral elements specifically resulted in Fos-IR in the particular brain 
areas In the present study, we studied the distribution of Fos-IR neurons following these 
successive elements of the consummatory phase of sexual behavior, in order to understand 
what specific stimuli from the complex behavioral situations result in increases in Fos-IR in the 
male rat brain 
The activation of Fos-IR following copulatory behavior has also been studied in female 
rodents Several investigators have reported that Fos-IR is induced following mating in female 
rodents in the MPOA, in the BNST, in the MEA, in the central tegmental field, and in 
addition, in the ventromedial hypothalamic nucleus (VMH), and in the periaquaductal gray 
(PAG) (Pfaus et al 1993, Erskine 1993, Rowe and Erskine 1993, Tetel et al 1993, Wersinger 
et al 1993, Lambert et al 1992) It was also reported that vaginocervical stimulation, by 
intromissions and ejaculations of the male partner, or by manual probing, was followed by a 
much stronger induction of Fos-IR than the Fos-IR after lordosis behavior induced by flank 
stimulation (Pfaus et al 1993, Tetel et al 1993, Rowe and Erskine 1993) Since vaginocervical 
stimulation seems to be essential for the induction of Fos-IR in the female brain, we were 
interested to know which phases of sexual behavior induce Fos-IR in specific parts of the 
brain 
Since, in the present study, we investigated the distribution of Fos-IR in the male rat 
brain following several phases of sexual behavior, this additionally created the opportunity to 
study the distribution of Fos-IR in the brain of their female partners Therefore we were able 
to address the question to what extent the distributions of Fos-IR neurons after various phases 
of sexual behavior differ between males and females 
We have studied the induction of Fos-IR in sexually experienced male and female rats, 
following mounting behavior, intromissions and either one or two successive ejaculations In 
addition to a quantitative analysis of the numbers of Fos-IR neurons in the MPN, BNSTpm, 
MEApd and SPFp, the distribution of the Fos positive neurons was studied 
EXPERIMENTAL PROCEDURES 
Animals 
Male and female Wistar rats (both n=15, 3 months of age), obtained from the local 
breeding facilities, were group-housed by sex in two separate, artificially lighted rooms, on a 
reversed 12 12 light/dark cycle Lights in the female colony were off between 12 00 and 24 00 
hr, lights in the male colony were off between 05 00 and 17 00 hr Food and water were ad 
libitum available Two days before testing, rats were housed individually 
Experimental protocols 
All male and female rats were sexually experienced. Male rats were allowed to copulate 
during four or five pre-test mating sessions The female rats were bilaterally ovariectomized 
three weeks prior to testing Sexual receptivity was induced by administration of 50 mg 
estradiol benzoate (EB)/0 1 ml arachidis-oil, 48 hours before testing, and 500 mg 
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progesterone (P)/0.1 ml arachidis oil, 4 hours before testing. Females received hormone 
treatment and mating experience with different male partners, one week before testing. 
All testing occurred right after the onset of the dark period of the females, and thus 
during the second half of the dark period of the males (between 12 30 and 13 15 hr). 
To study the induction of Fos-IR in different brain areas in males and females, after 
several phases of sexual behavior, five test-situations were used Both males and females were 
divided in four experimental - and one control group. In the control group (males n=3, 
females: n=3), the animals were placed in the arena without presentation of a mating partner. 
In the four experimental groups, the males were placed in the mating arena with clean 
bedding. After a five minutes adaptation period, the receptive female partner was placed in the 
mating arena. The durations of the different tests and the numbers of mounts, intromissions 
and ejaculations, are presented in table 1 The first experimental group consisted of males only 
allowed to mount (n=3i and females (n=3), which were only mounted, without intromissions. 
The males mounted estrous females with vaginal masks (tape covering the vagina and 
perineum) and the females were mounted by males with lidocaine treated penises, unable to 
intromit. The second group consisted of males (n=3) and females (n=3) achieving and 
receiving 8 intromissions. After 8 intromissions, animals were removed from the arena In the 
third group males (n=3) and females (n=3) were tested until one ejaculation occurred. And 
finally in the fourth group, males (n=3) and females (n=3) were tested until two ejaculations 
had occurred. 
After the test period male and female rats were taken back to their home cages. 60 
Minutes after replacing the animals to their home cages, they were anaesthetized, using 
sodium pentobarbital (Narcovet, 30 mg/0 5 ml ip), treated ip with 1 ml héparine (Organon 
Teknika, Boxtel, the Netherlands) to prevent excessive bloodclotting and perfused 
transcardially with 0.1 M phosphate buffered saline (PBS), pH 7 3, followed by 400 ml 4% 
paraformaldehyde 0 1 M PBS, pH 7.5 Brains were removed and postfixed for 16-18 hours at 
4°C in the same fixative. 
Additional f emole control groups 
Since all females received hormone treatment with EB and Ρ to induce sexual 
receptivity, additional control situations were included to study the effects of the hormone 
treatment on the distribution of Fos-IR Three groups of females were tested. Two weeks 
after ovariectomy, all females received hormone treatment of EB and P, and mated with 
different male partners. One week later, in the first group, hormone treated females (n=2), 
four hours following progesterone administration, were placed in the mating arena with clean 
bedding, for a period of 15 minutes, after which they were replaced to their home cages. This 
procedure was similar to the procedure used for the group of control females, that was 
described above.The second group consisted of hormone treated females, remaining in their 
home cages (n=2). These females were sacrificed at the same time following the progesterone 
administration as the females that were placed in the mating arena, which added up to 
approximately 5 hours and 15 minutes A third group of females received no hormone 
treatment and remained in their home cages (n=2). These females were sacrificed 
simultaneously with the females in the other two groups, by transcardial perfusion as described 
above. 
Immunocytochemistry 
Coronal sections were cut at 75 μπι using a vibratome (Biorad) and collected in 0.1 M 
PBS. Free floating sections were washed twice in PBS and soaked for one hour in incubation 
solution (PBS containing 0.1% bovine serum albumin and 0 5% triton X-100) Next, the 
sections were incubated overnight on a shaker at room temperature with an anti-Fos antiserum 
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MOUNT 
8 IM 
l E J 
2EJ 
MALES 
# M 
19.3 
±0.7 
4.3 
±0.9 
3.7 
±0.3 
10.3 
±9.4 
# I M 
0 
8 
14.0 
±1.5 
17.7 
±3.8 
«EJ 
0 
0 
1 
2 
TIME 
7'40" 
± 2 0 " 
4'28" 
± 5 0 " 
6'04" 
± 4 2 " 
12'06" 
±4'0r 
FEMALES 
# M 
15.3 
±2.4 
3.0 
±1.7 
3.7 
±0.3 
10.3 
±9.4 
#EVf 
0 
0 
14.0 
±1.5 
17.7 
±3.8 
#EJ 
0 
0 
1 
2 
TIME 
6'40" 
± Γ20" 
3'50" 
±1 '10" 
6'04" 
± 4 2 " 
12'06" 
± 4 ' 0 7 " 
Table ¡. The average numbers (± SEM) of mounts (#M). intromissions (UIM) and ejaculations (#EJ), 
and the average duration in time (TIME), indicated in minutes (') and seconds ("), of the different behavioral 
situations in males and females. Mount: mounts only, 8 ¡M: 8 intromissions, I EJ: one ejaculation, 2 EJ: two 
ejaculations. 
raised in sheep (OA-11-824, Cambridge research Biochemicals, Northwich, England), diluted 
1:10,000 in incubation solution. Next the sections were incubated for 60 minutes at room 
temperature in donkey anti-sheep (1:400 in incubation solution, Jackson) and for 120 minutes 
at room temperature in ABC-Elite (Vector 1:800 in PBS). In between incubations the sections 
were washed in PBS. The Fos antibody peroxidase complex was visualized by 3,3' 
diaminobenzidine tetrahydrochloride (DAB) staining. The sections were placed for 10 minutes 
in a chromogen solution consisting of 0.02% DAB and 0.03% Ni-ammonium sulfate in 0.05 
M Tris-buffer (pH 7.6), and then incubated for 10 minutes in chromogen solution containing 
hydrogen peroxide (25 ml of a 30% solution per 25 ml of reaction solution). All sections were 
rinsed several times with PBS and for 10 minutes with 0.1% H2O2, 0.1% sodiumazide in PBS, 
followed by another series of successive rinses. All sections were doublestained for calcitonin 
gene related peptide-immunoreactivity (rabbit polyclonal antisera, Amersham, UK), of which 
the results will be described in detail in a separate report (chapter 6). 
Following staining the sections were mounted on gelatin/chrom aluin-coated glass slides, 
dried overnight, cleared in xylene, embedded with Entellan (Merck, Darmstadt, Germany) and 
coverslipped. 
Analysis ofFos-IR in brain sections 
For quantification of the numbers of Fos-IR neurons following the different behavioral 
situations, animals were given codes not related to their test-situations. Fos-IR were counted 
in the medial preoptic nucleus (MPN), posterodorsal medial amygdala (MEApd), 
posteromedial bed nucleus of the stria terminalis (BNSTpm), parvicellular subparafascicular 
nucleus (SPFp) and in the ventrolateral part of the ventromedial hypothalamic nucleus 
(VMHvl) in a standard area of 0,25 mm2 (MPN, MEApd) or 0,125 mm2 (BNSTpm, SPFp, 
VMHvl), using a Zeiss lightmicroscope and drawingtube, in two adjacent sections 
representative for each brain area where differences in Fos-IR were observed. In the 
caudoventral part of the ventromedial hypothalamic nucleus (VMHcv) and the ventral 
premammillary nucleus (PMV), Fos-IR neurons were counted within the borders of the 
particular nucleus, without using a standard area. 
The data are presented as means (± SEM). These values are the mean numbers of Fos 
positive cells of the samples in two adjacent sections. Comparisons between groups were 
statistically analysed using the Duncan multiple range test, with a 0.05 level of significance. 
Except for the data of the additional control females, presented in figure 4 as means of Fos 
positive cells in two adjacent sections, which were not statistically analysed, since the groups 
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contained only two subjects. In addition to the counting of Fos-IR neurons, the distributions 
of the Fos-IR neurons were studied. Data concerning differences in distributions are presented 
in photomicrographs. 
RESULTS 
Numbers of Fos-IR neurons in males 
Induction of Fos-IR was observed in the MPN, BNSTpm, ME Apd and SPFp following 
sexual behavior, but not all phases of sexual activity were followed by increased numbers of 
Fos-IR neurons and this varied for the particular brain areas (figure 1 Α-D). In the male MPN 
(figure 1 A), increasing numbers of Fos-IR neurons were observed following increasing sexual 
activity The numbers of Fos-IR neurons were increased following mounts, but were further 
increased respectively following intromissions, one and two ejaculations In the BNSTpm 
(figure IB), MEApd (figure 1С) and SPFp (figure ID) a single ejaculation, respectively two 
ejaculations were followed by increases in the number of Fos-IR neurons Although both one 
and two ejaculations resulted in increases in Fos-IR in all four brain areas, following two 
ejaculations, numbers of Fos-IR were significantly higher in all regions compared to one 
ejaculation. 
Numbers of Fos-IR neurons infernales 
In the female MPN (figure IE), BNSTpm (figure IF) and MEApd (figure IG) the 
numbers of Fos-IR neurons were increased only following one and two ejaculations, although 
a slight increase in Fos-IR was present in the BNSTpm, following mounting In the SPFp a 
slight, but not statistically significant, increase was observed following mounting by the male 
Intromissions or successive numbers of ejaculation, however, were followed by further 
increases of Fos-IR cells. In none of the four brain regions, however, were the numbers of 
Fos-IR neurons following two ejaculations higher than following one ejaculation 
Distribution of Fos-IR in other brain areas in males and females 
Apart from these four areas, populations of Fos-IR neurons were observed consistently 
in other brain regions. In the male rat, Fos-IR neurons were situated in the posterodorsal 
preoptic nucleus (PD) (figure 7F) and in the posterior nucleus of the amygdala (PA), only 
following ejaculation and not following mounting or intromissions. 
In females, Fos-IR in the PA was also only detected following one or two ejaculations 
Fos positive cells were also detected in the PD, but, in contrast to the males, Fos-IR cells were 
present in females of the control group and in addition following all types of sexual activity 
(figure 7A-C-E). In addition, in all female rats, induction of Fos-IR was observed in the 
ventral premammillary nucleus (PMV) (figure 3H) and in the most caudoventral part of the 
VMH (VMHcv), situated close to the ventral border of the brain (figure 3D and 3E). This 
subregion is cytoarchitectonically different from the VMHvl and the PMV and can be 
observed as a dark staining cell cluster in Giemsa stained sections In both the PMV and 
VMHcv, the numbers of Fos positive cells in the control females did not differ from the 
Figure I. ->Mean numbers of Fos-IR neurons (±SEM) in the MPN (Α-B), BNSTpm (C-D). MEApd (E-
F) and SPFp (G-Η) in males (lefl column) and females (right column) following successive elements of 
copulation. C. control, M- mounts only, IM' eight intromissions, IEJ one ejaculation. 2EJ. two ejaculations 
Significant differences (p < 0.05) are indicated by asteriks. Open asterisk indicates comparison with control 
group, closed asterisk indicates comparison to adjacent experimental group on the lefl. 
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number of Fos-IR cells in sexually active females and no differences were observed following 
the several types of sexual activity. In males, the numbers of Fos-IR neurons were low in the 
PMV (p < 0.001) (figure 31) and were absent in the VMHcv (p < 0.001) (figure 3F). 
In addition, in females, Fos-IR was observed in the ventrolateral region of the VMH 
(VMHvl) (figure ЗА), where a small, significant increase in the numbers of Fos positive cells 
was detected in females following mounting (figure 2). Numbers of Fos-IR neurons were 
further increased following increasing sexual activity. Following intromissions the number of 
Fos-IR cells was slightly higher and especially following two ejaculations a strong induction 
could be observed. In addition to the increasing numbers of Fos-IR neurons, there was also a 
tendency towards stronger staining intensity of the Fos-IR cells with increasing sexual activity. 
No Fos-IR neurons were observed in the VMHvl in the male partners (figure 3C). 
Fos-IR in the additional female control groups 
Females that did not receive hormone treatment and remained in their home cages 
showed very few Fos-Ш. neurons in all brain areas. In contrast, in all females treated with EB 
and P, Fos-IR was induced in PD, in the VMHcv (figure 3D) and in the PMV (figure 3G), 
regardless whether the females were placed in a test-cage or remained in their home-cages. 
Also in the MPN and BNSTpm, hormone treatment was followed by induction of Fos-
IR (figure 4). Especially in the MPN, hormone treatment was followed by an increase in the 
number of Fos-IR neurons (figure 4) In addition, the Fos-IR neurons showed a remarkable 
distribution and were situated close to the ventricle (figure 5C-E). In the MEApd hormone 
treatment had no effect on Fos-IR. However placement of the females in the test-cage caused 
an increase in Fos-Ш. compared to the Fos-Ш. in females that remained in their home cages 
(figure 4). 
100 η 1 
Figure 2. Mean numbers of Fos-IR neurons (± SEM) in the VMHvl m females following successive 
elements of copulation. C: control, M. mounts only, IM. eight intromissions, 1EJ one ejaculation, 2EJ: two 
ejaculations. Open asterisk indicates a significant difference (p < 0 05) in comparison with the control group. 
Closed asterisk represents a significant difference (p < 0 05) in comparison to the adjacent experimental 
group on the left or to another experimental group when indicated. 
Figure 3 -* Photomicrographs illustrating the distribution of Fos-IR neurons following ejaculation, in 
the VMHvl (А, В and C), the VMHcv (D, E and F) and PMV (G, H and I) in females (middle column) and 
males (right column) The arrowheads indicate the subregions of interest Photomicrographs of Giemsa-
stained sections are included to illustrate the architecture of the subregions. Scale bar = 350 μπι. 
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Clusters in the BNSTpm and ME Αρά 
In several of the regions described above, the Fos positive cells did not appear to be evenly 
distributed over the particular brain area, but formed dense 'clusters' of Fos-IR cells in specific 
subregions. For instance, in all females, Fos positive cells were not dispersed over the entire 
PMV, but appeared as a clusterof cells in the ventral part of the PMV (figure 3H). Although 
some males showed low numbers of Fos-IR neurons in the PMV, the distribution never 
showed the same characteristic pattern as detected in females, but Fos-IR cells were diffusely 
scattered over the entire PMV. Also in females Fos-IR neurons were activated in a cluster in 
the VMHvl (figure 3B) and in a subregion we refer to as the VMHcv (figure 3E). In the MPN 
of some of the female subjects clustering of Fos positive neurons could be detected in the 
sexual dimorphic nucleus, following ejaculations. This cluster however, was not observed 
consistently. 
Specific clustering of Fos-IR cells was especially present in the BNSTpm and the 
MEApd. In the BNSTpm, two clusters of Fos positive cells appeared in the male rat after 
ejaculation only. One of these clusters was situated dorsally in the rostral part of the 
BNSTpm, close to the ventricle (figure 6F). The other cluster was observed more ventrally in 
the caudal part of the BNSTpm, close to the fornix (figure 7F). The first, most rostral cluster 
was also clearly present in females following ejaculation. The appearance of the second 
cluster, however, is more difficult to describe. Although this caudal cluster was observed in 
120 
BNSTpm MEApd 
Figure 4. Mean numbers of Fos-IR neurons (± SEM) in the MPN, BNSTpm and MEApd in 
ovariectomised (OVX) females that received no hormone treatment and remained in their home cages (open 
bars), in OVX females that remained in their home cages, but received hormone treatment (black bars) and in 
OVX females that received hormone treatment, and in addition were placed in the mating arena (striped bars). 
Figure 5. -# Photomicrographs illustrating the distribution of Fos-IR in two sections of the MPOA (150 
μηι apart). A and В illustrate the distribution in OVX females that received no hormone treatment and 
remained in their home cages. С and D illustrate the distribution following hormone treatment in OVX 
females that remained in their home cages. E and F illustrate the distribution in OVX females that received 
hormone treatment and in addition were placed in the mating arena. Scale bar = 300 μη%. 
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some of the females following ejaculation, it showed no consistent appearance. In addition, 
following intromissions or mounts, Fos-IR neurons also appeared to be situated in this specific 
subregion, although no clustering was apparent. 
Although in the male rat, mounting or intromissions were not observed to result in 
increased numbers of Fos-IR neurons, differences between the distributions of the neurons 
following mounts, intromissions or ejaculations, could be observed. In the MEApd of the male 
rat, mounting resulted in a homogeneous distribution of Fos-Ш. neurons (figure 8B), while 
following intromissions the Fos positive cells tended to be located in the medial region close 
to the optic tract (figure 8D). After ejaculation a striking zone of Fos positive cells appeared 
in the lateral zone of the MEApd (figure 8F). In females, following ejaculation by the male 
partner, a dense cluster of Fos positive cells, very similar to the cluster as observed in males 
following ejaculation, could be found in the same lateral part of the MEApd (figure 8E). 
Following mounts or intromissions, however, Fos-IR cells were also mostly situated in the 
lateral part of this nucleus (figure 8 A and 8C) Apart from a few scattered Fos-IR cells, Fos-
IR was not detected in the medial part of the MEApd. 
DISCUSSION 
The present results confirm our previous findings that performance of mating including 
ejaculation dramatically increases Fos-IR in the MPN, BNSTpm, MEApd and SPFp in male 
rats (chapter 2). In addition, it was demonstrated that sexual stimulation increases the numbers 
of Fos-Ш. neurons in similar regions in the brain of the male and female rat, with some 
additional activated areas in females. Differences between males and females, however, were 
observed in the increases of Fos-ГО. following the different phases of mating performance 
We did not intend to make a quantitative comparison of the absolute numbers between 
males and females, since the differences in the gonadal steroid regimes of the intact males and 
the ovariectomised, hormone treated females make such a comparison virtually meaningless. 
Instead, a qualitative comparison between the sexes based upon the distribution of Fos-IR and 
the nature of the sexual activity inducing Fos positive cells in the analysed regions was 
performed Furthermore, we will discuss the possible sensory and hormonal stimuli in the 
different phases of male and female sexual behavior in relation to the observed distribution of 
Fos-IR. 
Fos-IR infernales 
Fos-IR in females following mating including ejaculation was induced in the MPN, 
BNSTpm, MEApd and SPFp, confirming observations by several investigators (Pfaus et al 
1993, Erskine 1993, Rowe and Erskine 1993, Wersinger et al 1993). Although induction of 
Figure 6. —> Photomicrographs illustrating the distribution of Fos-IR neurons in the rostral BNSTpm, 
in females (left column) and males (right column), following mounts only (Α-B), intromissions (C-D) or 
ejaculation (Ε-F). The arrows indicate the appearance of clusters of Fos-IR neurons in this subregion. Scale 
bar = 400 μτη. 
Figure 7. -/ Photomicrographs illustrating the distribution of Fos-IR neurons in the caudal BNSTpm, 
in females (left column) and males (right column), following mounts only (Α-B), intromissions (C-D) or 
ejaculation (Ε-F). The arrows indicate the appearance of clusters of Fos-IR neurons in this subregion. Scale 
bar = 400 μη\. 
Figure 8. -* Photomicrographs illustrating the distribution of Fos-IR neurons in the MEApd, m 
females (left column) and males (right column), following mounts only (Α-B), intromissions (C-D) or 
ejaculation (Ε-F). Scale bar = 400 μτη 
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Fos-IR in these specific brain areas was also observed in males, the successive elements of 
sexual behavior in females resulted in a different pattern of induction when compared with the 
induction pattern in males In addition, increases in Fos-IR in females was detected in brain 
areas that were not activated in males, including the VMHvl, VMHcv and PMV. Apparently, 
the neural circuitry expressing Fos following sexual behavior in females contains a number of 
additional areas. 
Hormonal stimulation 
In the present study, Fos-IR was induced following hormone treatment with EB and Ρ in 
the periventricular region of the MPN, the BNSTpm, the PD, the VMHcv and the PMV 
These brain areas, are known, with the exception of the VMHcv, to contain large amounts of 
estrogen receptor containing neurons, and the distribution of the Fos positive neurons strongly 
resembled the distribution of the estrogen receptor containing neurons (Simerly et al 1990). 
Treatment with EB has previously been reported to activate Fos-IR in the hypothalamus 
and amygdala (Insel 1990), or to increase Fos mRNA levels in midbrain samples (Cattaneo 
and Maggi 1990). However, contradictory findings were also reported Gibbs et al (1990) 
observed no increases in Fos mRNA levels or numbers of Fos-IR cells in hypothalamus or 
medial amygdala, following treatment with EB or with EB and Ρ 
In the present study, following hormone treatment, a distinct cluster of Fos positive cells 
was detected caudally from the VMH Based on its appearance in Giemsa-stained sections, we 
identified this area as the most caudal part of the ventral division of the VMH, consisting of 
densely packed, darkly staining cells In the cytoarchitectonic atlas of the hypothalamus of 
Bleier et al (1979), this subarea is included in the ventromedial nucleus (plates 21 and 22). In 
our opinion is the VMHcv not only cytoarchitectonically different from the VMHvl and PMV, 
but also the population of Fos-IR cells in this area is separate from the populations in the 
VMHvl and PMV. Further research will be necessary to study the specific anatomical afferent 
and efferent relationships of this particular region, as well as the occurence of estrogen- and 
androgen receptor containing neurons. Preliminary data revealed the presence of calcitonin 
gene related peptide-containing cells in the female VMHcv, and colocalization of calcitonin 
gene related peptide and Fos following hormone treatment or sexual activity (personal 
observations). 
Lordosis behavior 
The VMH has been identified as a major site for regulation of lordosis behavior. Lesions 
of the VMH dramatically reduce lordosis behavior (Pfaff and Sukuma 1979a), while electrical 
stimulation facilitates the expression of lordosis in hormone-primed females (Pfaff and 
Sukuma 1979b). Furthermore, lordosis can be potentiated by central application of several 
neuropeptides and neurotransmitters in the VMH (Kow et al 1994). In the present study, Fos-
IR in the female VMHvl was induced following lordosis behavior in females which were 
mounted by males. This suggests that the induction of Fos-IR in this area is correlated with 
the expression of lordosis behavior. Stronger induction of Fos-IR, however, was detected 
following intromissions, although these were not accompanied by a higher expression of 
lordosis behavior. These findings are in line with observations by Pfaus et al (1993) and by 
Rowe and Erskine (1993), that manual flank stimulation or mounting by males induced lower 
numbers of Fos-IR in this region compared to the number of Fos-IR neurons following 
vaginocervical stimulation by manual probing or by intromissions including ejaculation. 
The significance of the Fos-IR observed in the VMHvl can be interpreted in different 
ways. Fos-IR is possibly a reflection of afferent sensory stimulation, consisting of 
somatosensory stimulation by the mounting males and by vaginocervical stimulation from 
intromissions However, Rowe and Erskine (1993) could reveal no effect of disturbance of the 
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relay of afferent sensory input resulting from vaginocervical stimulation by transection of the 
female pelvic nerve, on the Fos-IR in the VMHvl of mated females. In contrast, Wersinger et 
al (1993) did report a reduction of Fos-IR as an effect of the transection of the pelvic nerve. 
Yet, the numbers of Fos-IR neurons in the VMHvl, however, was still higher in mated 
transected females, compared to unpaired control females Thus, induction of Fos-IR in the 
VMHvl does not seem to be solely a reflection of vaginocervical sensory stimulation. 
In addition, it seems unlikely that the Fos-IR is simply a reflection of motor activity 
related to lordosis behavior. Since in the present study, eight intromissions were followed by a 
stronger induction of Fos-IR than mounts only, while intromissions were not accompanied by 
a higher expression of lordosis behavior. 
Furthermore, the induction of Fos-IR in the VMHvl may be a reflection of the 
convergence of sensory and hormonal cues, possibly related to the onset of lordosis behavior. 
In favor of this assumption, we observed increases in the numbers of Fos-IR neurons in the 
VMHvl and a tendency towards a stronger staining intensity of Fos-IR cells, with increasing 
or stronger sexual activity of the females. The stronger staining intensity may reflect a 
stronger activation of the Fos-IR neurons (Lafarga et al 1992), which possibly reflects some 
aspects of the internal motivational state of the female, concerning the display of lordosis 
behavior. In support of this suggestion, Rajendren et al (1991) reported that repetitive mating 
enhances lordosis behavior, suggesting an increase in motivation of the female to perform 
lordosis behavior. Positive feedback mechanisms may be active in these situations, similar to 
what has been observed in feeding behavior (Wiepkema 1971). In addition, Rajendren et al 
(1991) showed that lesions of the VMH completely abolish this effect of repetitive mating 
Vomeronasal stimulation 
The experimental design of the test-situation in which the females were only mounted 
without intromissions, involved females that were mounted by males with lidocaine treated 
penises. These females extensively displayed chemosensory investigation, especially since the 
males were somewhat inactive, probably as a result of the lidocaine treatment In these 
females, that were only mounted, Fos-IR was slightly induced in the BNSTpm The increase in 
Fos-IR in the female BNSTpm may therefore reflect the display of chemosensory 
investigation. Females receiving eight intromissions, displayed only low levels of 
chemosensory investigation, due to the short time-period of testing and the high sexual 
activity of the males Accordingly, no increased Fos-IR was detected in the BNSTpm of those 
females. 
In addition, in females that were mounted, no increased number of Fos-IR neurons was 
observed in the MEApd, which indicates that the MEApd is not strongly affected by 
chemosensory investigation in females. This finding is supported by other studies, since Tetel 
et al (1993) reported no increase of Fos-IR in the MEApd following exposure of females to 
anesthetized males Furthermore, Rajendren and Moss (1994) showed that removal of the 
vomeronasal organ did not significantly reduce Fos-IR in the MEApd following mating in 
female rats. 
In the present study, however, placement of the females in the mating arena, resulted in 
increased numbers of Fos-IR neurons in the MEApd, compared to females, that remained in 
the home cage. Apparently, Fos-IR was induced by the presentation of the familiar mating 
arena. Additional induction of Fos-IR by presentation of a male, however, did not occur. 
Vaginocervical stimulation 
Although other researchers (Pfaus et al 1993, Tetel et al 1993, Rowe and Erskine 1993, 
Erskine 1993, Wersinger et al 1993) observed Fos-IR in the MPOA, BNST and MEA 
following vaginocervical stimulation, we did not observe any induction of Fos-IR in the MPN, 
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MEApd or BNSTpm following eight intromissions This contrast can be explained by the 
differences in the amount or intensity of vaginocervical stimulation used to induce Fos-IR in 
the different studies. The amount of vaginocervical stimulation by eight intromissions in our 
study is very low compared to the stimulation used in other studies, which consisted of high 
numbers of manual stimulations (30 (Tetel et al 1993, 1994) to 50 (Pfaus et al 1993)), high 
numbers of intromissions (30-36 (Tetel et al 1993)), or by intromissions including ejaculations 
(Rowe and Erskine 1993, Erskine 1993, Wersinger et al 1993) 
In the present study, however, a dramatic increase in numbers of Fos-IR neurons was 
observed following ejaculation in the MPN, BNSTpm and MEApd, even though it was only 
preceded by an average of 14 intromissions. Considering the observed increase of Fos-IR 
following ejaculation, but not following eight intromissions, it appears that the vaginocervical 
stimulation caused by the ejaculation of the male is a much stronger genitosensory stimulation 
than the stimulation by a limited number of intromissions without ejaculation It has been 
reported that extended uterine contractions may occur in the female, during mating (Toner 
and Adler 1986), which may result in afferent sensory information that distinguishes 
ejaculation from a series of intromissions 
Sensory input arising from vaginocervical stimulation is mainly relayed via the pelvic 
nerve (Peters et al 1987) These fibers can be described as afferent 'parasympathetic', directed 
at the L6, SI segments of the spinal cord (Traub et al 1994) The involvement of the pelvic 
nerve in the induction of Fos-IR in the MPOA, BNST and MEA in the female, is supported by 
the reduction of Fos-IR following transection of this nerve (Rowe and Erskine 1993, 
Wersinger et al 1993). Afferent genitosensory input that is relayed through the pelvic nerve, 
may ascend via the spinal cord (Nadelhaft and Booth 1984, differ et al 1991) to influence 
directly the caudal diencephalon and especially the SPFp (LeDoux et al 1987), or indirectly via 
the solitary nucleus (Hubscher and Berkley 1994, Ortega-Villalobos et al 1990) In the present 
study, numbers of Fos-IR neurons were increased in the SPFp of females that received 
intromissions or several successive ejaculations Therefore, Fos-IR in the SPFp, probably 
reflects sensory input as a consequent of vaginocervical stimulation, relayed via the pelvic 
nerve. 
Fos-IR in males 
Male copulatory behavior 
The results in the present study demonstrate that all behavioral elements of the 
consummatory phase contributed to the activation of Fos-IR in the male MPN, including 
mounting behavior without intromissions Increasing sexual activity, reflected by increasing 
numbers of mounts, intromissions and ejaculations resulted in a clear increase in the number of 
Fos-IR neurons 
The complex anatomical connections of the MPN (reviewed in Simerly 1995) and the 
presence of dense populations of androgen- and estrogen receptor containing neurons 
(Simerly et al 1990, Axelson and van Leeuwen 1990), suggest the MPN to be in an ideal 
position to integrate vomeronasal sensory, genital sensory and hormonal stimuli, necessary for 
the control of male copulatory behavior The convergence of the sensory and hormonal stimuli 
may be reflected by induction of Fos-IR in the MPN In the previous chapter (chapter 2), 
however, we demonstrated that Fos-IR was not increased in the MPN following vomeronasal 
stimulation In addition, Baum and Everitt (1992) demonstrated that lesions in the MEA or in 
the central tegmental field, were not sufficient to reduce Fos-IR in the MPN following mating. 
Therefore, it seems unlikely that the Fos-IR in the MPN reflects solely afferent inputs We 
suggest that Fos-IR probably reflects some kind of motivational state, induced by converging 
afferent sensory and hormonal inputs, that results in the integration of motor responses 
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involved in the consummatory phase of male copulatory behavior and the facilitation of genital 
reflexes. 
Vomeronasal stimulation 
In the present study, the main focus was on the induction of Fos-IR caused by 
consummatory aspects, and there were no specific test-situations included to study the effects 
of vomeronasal inputs on the induction of Fos-IR. The amount of vomeronasal stimulation 
was even minimal in the experimental condition where males were allowed to display only 
mounting behavior without intromissions, when the female's vaginas were taped. Also during 
the very short time that eight intromissions were performed (4 minutes), vomeronasal 
stimulation was low. Accordingly no increases in numbers of Fos-IR were observed in the 
BNSTpm or MEApd. The distribution of Fos-IR neurons in the MEApd, however, resembled 
the distribution that was previously observed following chemosensory investigation (chapter 
2) It's therefore possible that the distribution of Fos-IR neurons following intromissions in the 
MEApd is a result of vomeronasal stimulation 
Ejaculation-related clusters of Fos-IR neurons 
Increasing numbers of ejaculations caused increases of Fos-IR in distinct subareas of the 
male rat brain Fos-IR was strongly increased in the SPFp, the PD, the PA and in subareas of 
the MEApd and the BNSTpm. 
In the MEApd intromissions without ejaculation resulted in induction of Fos-IR in the 
medial part of the MEApd, very close to the optic tract. In addition, high numbers of Fos-IR 
neurons were observed in the MEApd following ejaculation These ejaculation-related Fos-IR 
neurons were situated in the lateral part of the MEApd, separately from the Fos-IR neurons 
observed following intromissions This characteristic pattern has also been described by other 
investigators in rats (Baum and Everitt 1992) But it is not entirely similar to the pattern 
observed in male hamsters, where two clusters of cells appear following mating including 
ejaculation in the lateral part of the MEApd (Kollack and Newman 1992, Wood and Newman 
1993b, Femandez-Fewell and Meredith 1994) 
In the male BNSTpm, two clusters of Fos-IR related to ejaculation were observed. One 
cluster was situated in the rostral extension of the BNSTpm, close to the ventricle. This 
cluster was also observed in male hamsters following mating including ejaculations 
(Femandez-Fewell and Meredith 1994). In male ejaculating rats we observed an additional 
cluster of Fos positive cells in the caudal aspect of the BNSTpm, in a subregion situated close 
to the fornix. 
The present study clearly demonstrates that especially the MEApd, but also the 
BNSTpm, consist of several subregions which are involved in different aspects of sexual 
activation, since specific distinct clusters of Fos-IR neurons appear only following ejaculation. 
Furthermore, we assume that ejaculation differs from intromissions in terms of afferent 
sensory stimulation, since intromissions and ejaculation result in a different pattern of 
activated neurons in different brain areas 
This assumption is strongly supported by the increasing numbers of Fos-IR neurons 
after increasing numbers of ejaculations, as observed in the present study, as well as by 
anatomical data Sensory stimulation of the penis, as occurring during intromissions, results in 
afferent somatosensory stimulation, relayed through the pudendal nerve (McKenna and 
Nadelhaft 1986, De Groat and Booth 1993, Jänig and Steers 1990) ascending from the lumbar 
and sacral parts of the spinal cord (Sugiura et al 1989, McKenna and Koltzenburg 1993) 
directly or indirectly to the SPFp (LeDoux et al 1987, Nahin 1988). A different type of 
activation may occur by afferent viscero sensory stimulation related to ejaculation, from the 
internal reproductive organs. The latter may be relayed via the pelvic nerve (De Groat and 
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Booth 1993, Jänig and Steers 1990) and may ascend from the caudal lumbar and sacral (L6, 
SI) segments of the spinal cord (Sugiura et al 1991, Nadelhaft and Booth 1984, Nance et al 
1988, Morgan et al 1981) also to the SPFp (LeDoux et al 1987, Nahin 1988) This ascending 
information may reach the SPFp directly from the spinal cord (LeDoux et al 1987, differ et al 
1991). Generally speaking, both kinds of ascending sensory information may influence similar 
parts of the brain. Yet, we can explain the appearance of specific clusters of Fos-IR in 
MEApd, BNSTpm and SPFp, only by assuming that genital somatosensory and viscero 
sensory messages ascend along parallel pathways, in such a way that specific 'visceral' clusters 
appear as a result of the visceral input, parallel to or within the larger areas that are affected by 
somatosensory afferent input. 
We can only explain our findings by assuming that Fos-IR in the lateral part of the 
MEApd, in the two subregions of the BNSTpm and in the SPFp is a reflection of viscero 
sensory stimulation caused by ejaculation. This assumption is further supported by the 
observation that Fos-IR in females, presumably also reflecting afferent viscero sensory input 
via the pelvic nerve, is induced in the same subregions of the MEApd, BNSTpm and SPFp 
The only exception is the caudal cluster in the BNSTpm, which is less evidently present in 
females. This may be a result of the sexual dimorphic character of the BNSTpm. Especially 
since we used relatively thick (75 μπι) sections, we might have failed to detect the small 
cluster in the female caudal BNSTpm 
Besides differences in afferent sensory inputs, intromissions and ejaculations are 
different in terms of motor output. Ejaculation-related Fos-IR is however unlikely to reflect 
the motor output following ejaculation, since Fos-IR was induced in the same subregions in 
females, showing an entirely different motor pattern 
Conclusions 
In conclusion, successive elements of copulatory behavior were followed by increases in 
Fos-IR in generally the same brain areas in male and female rats The BNSTpm appears to be 
involved in chemosensory investigation, while specific distinct subregions are only activated 
following ejaculation. In addition, the SPFp and the lateral part of the MEApd appear to be 
involved in the integration of viscero sensory input The neural circuits underlying sexual 
behavior in males and females appear to be very similar in terms of integration of sensory 
information. In males, however, the MPN may be regarded as an important brain region for 
the integration of sensory and hormonal stimulation leading to the onset of male sexual 
behavior. While in females the VMHvl appears to be involved in the integration of stimuli 
leading to the onset of lordosis behavior. 
In addition, following successive elements of sexual behavior, Fos-IR was induced in 
different subregions within brain areas This was observed in the BNSTpm and MEApd, as 
well as in the VMH and PMV From our point of view, it is important to notice that not the 
entire nuclei may be involved in specific behavioral actions, but that relatively small subareas 
within these nuclei seem to be concerned with the integration of sensory and hormonal 
information and thus may play a critical role in sexual behavior. 
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ABSTRACT 
The full S-HTIA receptor agonist 8-OH-DPAT has a strong facilitatory effect on male 
rat copulatory behavior These effects of 8-OH-DPAT were used to study ejaculation-related 
Fos immunoreactivity in the male rat brain In male rats, treated with 8-OH-DPAT (0 4 
mg/kg), ejaculation-induced Fos-IR was present in distinct small clusters of activated neurons 
in the lateral part of the posterodorsal medial amygdala, in two subregions of the 
posteromedial bed nucleus of the stria terminalis, in the posterodorsal preoptic nucleus and in 
the parvicellular part of the subparafascicular thalamic nucleus Even in males, ejaculating on 
the first intromission, following treatment with 0 8 mg/kg 8-OH-DPAT, distinct clusters of 
Fos-IR cells were detected in these brain regions Induction of Fos-IR in these subregions is 
hypothesized to reflect activation by afferent viscero sensory information 
INTRODUCTION 
Immunocytochemical visualization of the protein product Fos of the immediate early 
gene c-fos (Morgan and Curran 1995), has provided useful information about the neural 
regulation of male and female sexual behavior After sexual behavior, Fos immunoreactivity 
(Ш.) has been induced in the medial preoptic area (MPOA), medial amygdala (MEA), bed 
nucleus of the stria terminalis (BNST) and caudal diencephalon in male and female rats (Baum 
and Everitt 1992, Erskine 1993, Pfaus et al 1993, Rowe and Erskine 1993, Wersinger et al 
1993), male hamsters (Fernandez -Fewell and Meredith 1994, Kollack and Newman 1992, 
Wood and Newman 1993b) and male and female ferrets (Lambert et al 1992) In our previous 
work (chapters 2 and 3) we demonstrated that the induction of Fos-IR was restricted to 
several subnuclei in the MEA, BNST, MPOA and caudal diencephalon Fos-IR in these 
subnuclei was induced during different aspects of copulatory behavior, possibly reflecting 
some elements of the complex chain from the integration of different sensory and hormonal 
stimulation to the onset of motor responses Remarkably, in some brain areas, increases in 
Fos-IR were exclusively detected following ejaculation and not following intromissions, i e in 
the posterodorsal preoptic nucleus (PD) and in the parvicellular part of the subparafascicular 
thalamic nucleus (SPFp) (chapter 3) Furthermore, characteristic distributions of Fos-IR 
neurons were observed following ejaculation, in the posterodorsal part of the MEA (MEApd) 
and in the posteromedial part of the BNST (BNSTpm), where in addition to the 
homogeneously distributed Fos-IR neurons following chemosensory investigation, mounts or 
intromissions, clusters of Fos-IR neurons appeared following even a single ejaculation 
(chapter 3) 
Based on these findings the question arose to what extent specific ejaculation-related 
stimuli are represented in small subregions, within larger brain areas that are more generally 
involved in male sexual behavior In the present experiments we investigated the appearance 
of clusters of Fos-IR neurons in these small subareas, following ejaculation that was preceded 
by a minimum of sexual contact Therefore, male rats were injected with the full serotonergic 
5-HTIA receptor agonist 8-hydroxy-2-(di-n-propylamino) tetraline (8-OH-DPAT) (0 4 
mg/kg), which has a strong facilitatory effect on male copulatory behavior (Ahlenius et al 
1981) Administration of 8-OH-DPAT resulted in a short ejaculation latency preceded by low 
numbers of intromissions and mounts, creating an ideal situation to study ejaculation-specific 
Fos-IR in the male rat brain In a second experiment, the distribution of Fos-IR was studied in 
male rats that ejaculated with the first intromissions, following administration of a higher dose 
of 8-OH-DPAT (0 8 mg/kg) Although numbers of Fos-IR neurons were counted in various 
brain areas, the main focus of this study is the distribution of the Fos-IR neurons related to 
ejaculation and the appearance of clusters in particular 
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EXPERIMENTAL PROCEDURES 
Animals and treatment 
Male Wistar rats (n=15, 260-285 g, 2-3 months old), obtained from the local breeding 
facilities of the University of Nijmegen, were housed separately from females in groups of two 
in an artificially lighted room (LD 12-12, lights off at 06.00 h). 48 Hours before testing 
animals were housed individually. Food and water were available ad libitum Female Wistar 
rats (200 g, 2 months old) were bilaterally ovariectomized and used as stimulus females. 
Sexual receptivity in these females was induced by sc. administration of 50 mg estradiol 
benzoate dissolved in 0.1 ml arachidis-oil 48 hours before testing and s с administration of 
500 mg progesterone dissolved in 0.1 ml arachidis oil 4 hours before testing. 
Fresh solutions of 8-hydroxy-2-(di-n-propylamino)tetraline.HBr (8-OH-DPAT) (RBI, 
Natrick, MA, USA) were made approximately 1 hour before testing. 0.4 mg/kg 8-OH-DPAT 
in experiment 1 and 0.8 mg/kg 8-OH-DPAT in experiment 2, or 0.9 % saline (vehicle) were 
administered by sc. injection 30 minutes prior to testing, in a volume of 0.2 ml. 
Experiment 1 
Sexually experienced male rats (n=12) were divided ad random in four experimental 
groups (n=3). Testing was performed 6 hours after onset of the dark cycle. In the first two 
groups, males were placed in a mating arena, that had recently been inhabited by estrous 
females, with clean bedding and copulated with a receptive female. Mating occurred until two 
ejaculations were achieved In the first group (DPAT-M) males were injected with 8-OH-
DPAT (0.4 mg/kg bw), while in the second group (SAL-M) males were injected with saline 
Also in the third group (DPAT-C) males received injections of 8-OH-DPAT, while in the 
fourth group (SAL-C) injections of saline were administered In these last two groups, males 
did not interact with receptive females, but were placed alone in a clean test-cage, which had 
never been inhabited by estrous females, containing clean bedding, for a representative period 
of time, 10 (DPAT-C) or 15 (SAL-C). The behavior of all males was observed continuously 
for 30 minutes prior to the test and during the testperiod, for registration of behavioral effects 
of 8-OH-DPAT and display of copulatory behavior. After the test, males were taken back to 
their homecages, where water was available, but food was removed to prevent a high 
foodintake caused by the 8-OH-DPAT treatment (Cooper 1988, Dourish et al 1985) Animals 
were sacrificed, 60 minutes after ending of the test. 
Experiment 2 
Sexual experienced males were injected with a higher dose of 8-OH-DPAT, 0.8 mg/kg 
bw dissolved in 0 2 ml saline, s с in the neck Animals were placed in the mating arena, 
containing clean bedding, directly following the injection. After 30 minutes a receptive female 
was placed in the mating arena and mating followed Only males ejaculating with the first 
intromisión were selected for further processing (n=3) After the ejaculation the female was 
taken from the mating arena and the male was taken back to his home cage Subsequently 
after 60 minutes, the animals were sacrificed 
Immunocytochemistry 
60 minutes after testing, equivalent to 105 minutes after the injection, animals were 
anaesthetized, using sodium pentobarbital (Narcovet, 30 mg/0 5 ml ip), injected with héparine 
(1 ml ip) to prevent extensive bloodclotting and perfused transcardially with 0 1 M phosphate 
buffered saline (PBS), pH 7 3, followed by 400 ml 4% paraformaldehyde in 0 1 M PBS, pH 
7.5. Brains were removed and postfixed overnight, for 16-18 hours at 4 CC, in the same 
fixative. 
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mount latency 
intromission latency 
first ejaculation latency 
post ejaculatory interval 
second ejaculation latency 
# mounts / first ejaculation 
# intromissions / first ejaculation 
# mounts / second ejaculation 
# intromissions / second ejaculation 
DPAT-M 
24" ± 5" 
27" ± 7" 
142" ±31" 
5'39" ± 13" 
2'27"±47" 
1 ±0.3 
3±2 
3±2 
3 ± 1 
• t 
• t 
*i 
*i 
*i 
*i 
SAL-M 
4" ± 1" 
8" ± 2" 
12'57"±51" 
6'14"±6" 
4 Ί 3 " ± Γ 1 8 " 
7 ± 3 
20 ±2 
7±4 
7 ± 1 
Table 1. A summary of the average latencies (± SEM) until first mount, first intromission and 
ejaculation (first and second), and the duration of the post-ejaculatory interval following the first ejaculation, 
are indicated in minutes (') and seconds ("), in mating males treated with 8-OH-DPAT (DPAT-M) or saline 
(SAL-M). In addition, the numbers of mounts and intromissions preceeding first and second ejaculation are 
indicated. Significant increases (\)or decreases ( 1 ) in DPA T-M compared to SAL-M males, are indicated 
by asterisks (p < 0.05). 
Coronal sections were cut at 75 μηι using a vibratome (Biorad) and collected in 0.1 M 
PBS. Free floating sections were washed twice in PBS and soaked for one hour in incubation 
solution (PBS containing 0.1% bovine serum albumin and 0.5% triton X-100). Next, the 
sections were incubated overnight on a shaker at room temperature with an anti-Fos antiserum 
raised in sheep (OA-11-824, Cambridge Research Biochemicals, Northwich, England), diluted 
1:10,000 in incubation solution. Subsequently, sections were exposed for 60 minutes at room 
temperature in donkey anti-sheep (1:400 in incubation solution, Jackson Imm. Res.) and for 
120 minutes at room temperature in ABC-elite (Vector ABC-kit Elite, 1:800 in PBS). The 
Fos antibody peroxidase complex was visualized by 3,3' diaminobenzidine tetrahydrochloride 
(DAB) staining. The reaction was terminated by extensive washing in PBS. Following staining 
the sections of experiment 2 were rinsed three times in PBS and mounted on gelatin/chrom 
aluin-coated glass slides, dried overnight, cleared in xylene, embedded with Entellan (Merck, 
Darmstadt, Germany) and coverslipped. The sections of experiment 1 were reprocessed with 
an antibody to oxytocin (Incstar) for determination of double-labeled cells for Fos and 
oxytocin. These results will be discussed in the following chapter. 
Analysis of Fos-IR 
For quantification of the number of Fos immunoreactive (Fos-IR) neurons following the 
different behavioral situations, animals were given codes not related to their test-situations. 
For all subjects Fos-IR neurons in a standard area of 0,25 mm2 (MPN, MEApd) or 0,125 mm2 
(BNSTpm, SPFp) were counted, using a Zeiss lightmicroscope and a drawingtube, in two 
adjacent sections representative for each brain area where Fos-IR was analyzed. The data are 
presented as means (± SEM), of the mean numbers of Fos positive cells per two samples. The 
groups were statistically analyzed and compared using a two-way ANOVA with a 0.05 level 
of significance. Also the numbers of mounts and intromissions and the latencies, for the two 
mating groups, are presented as means (±SEM), but were analyzed based on medians using 
Mann Whitney U test, with a 0.05 level of significance. 
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RESULTS 
Behavioral effects of8-OH-DPA Τ 
In all animals of experiment 1 and 2 symptoms of the 'S-HT syndrome' were observed 
following injections of 8-OH-DPAT (0.4 or 0.8 mg/kg), consisting of lower lip retraction, flat 
body posture, forepaw treading and abducted hindlimbs. In addition, the animals displayed a 
decreased amount of exploratory behavior and other general activity, compared to the saline 
treated males. 
Administration of 0.4 mg/kg sc. 8-OH-DPAT already facilitated sexual behavior 
considerably. The numbers of the mounts and intromissions, together with the latencies are 
presented in table 1. The latency to the first ejaculation was significant shorter in animals that 
received 8-OH-DPAT than in saline treated males (Γ42" versus 12'57"), although the latency 
to the first mount and first intromission was longer in 8-OH-DPAT treated males. The 
numbers of mounts and intromissions preceding the first ejaculation and preceding the second 
ejaculation, as well as the total number of mounts (4 versus 14) and intromissions (6 versus 
27) preceding two ejaculations, were significantly lower after injections of 8-OH-DPAT. In 
experiment 2, the males were treated with a higher dose of 8-OH-DPAT (0 8 mg/kg) and only 
males that ejaculated during the first intromission, without preceding mounts, were included. 
The average time until ejaculation was 18 3 seconds after presentation of the female 
The 8-OH-DPAT treated mating males displayed no genital grooming following 
intromissions or ejaculations. In addition, these males displayed less chemosensory 
investigation of the females, although we did not measure this quantitatively 
Experiment 1: Fos-IR 
Following mating, significantly increased numbers of Fos-IR neurons were observed in 
the MPN, BNSTpm, MEApd and SPFp, in both 8-OH-DPAT treated (DPAT-M) and saline 
treated (SAL-M) males. There were no differences in the numbers of Fos-Ш. neurons between 
DPAT-M males and SAL-M males in the MEApd (figure 1С) or in the SPFp (figure ID and 
3D). In the MPN (figure 1A and 3) and in the BNSTpm (figure IB), however, the numbers of 
Fos-Ш. neurons were significant lower in DPAT-M than in SAL-M. 
The administration of 8-OH-DPAT in non-mating male rats (DPAT-C) was not 
followed by increases in numbers of Fos-IR neurons in these particular brain areas (figure 1). 
In the BNSTpm, MEApd and SPFp, numbers of Fos-IR neurons were even lower in DPAT-C 
males than in saline treated non-mating males (SAL-C) (figure ID). In both DPAT-C and 
DPAT-M males, however, large numbers of Fos-Ш. were observed in several other brain 
areas, i e the central nucleus of the amygdala and the posterodorsal part of the BNST, where 
in SAL-C and SAL-M only low numbers of Fos-IR neurons were detected. 
The distribution of Fos-IR was, in addition to counting the Fos positive cells, also 
investigated by studying the localization of the Fos-IR neurons in the MPN, BNSTpm, 
MEApd and SPFp Following mating, a characteristic distribution of the Fos-IR neurons was 
observed in both SAL-M and DPAT-M males The Fos-IR neurons were not distributed 
homogeneous, but formed clusters of Fos positive neurons In the BNSTpm, two clusters of 
Fos positive cells were observed One of the clusters was situated in the rostral part of the 
BNSTpm (figure ЗА), close to the ventricle, while the other cluster was situated in the caudal 
part of the BNSTpm (figure 3B), close to the fornix. In the MEApd, Fos-Ш. neurons were 
situated in a remarkably dense cluster in the lateral part of the MEApd in both SAL-M and 
DPAT-M males (figure 3C). In addition, a cluster of Fos-IR neurons was observed in the 
posterodorsal preoptic nucleus (PD) of both mating-groups. In non-mating DPAT-C or SAL-
C males, these clusters of Fos-IR neurons were not found. 
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Experiment 2: Fos-IR 
Following a high dose of 8-OH-DPAT (0.8 mg/kg), males ejaculated with the first 
intromissions, after on the average 18.3 seconds following the presentation of the female 
partner. The distribution of the Fos-Ш. neurons following this very short ejaculation latency, 
was studied and the occurrence of Fos-Ш. clusters and compared to the distribution observed 
in the mating DPAT-M and SAL-M males in the first experiment. In the MEApd, like in the 
SAL-M and DPAT-M males, a distinct cluster of Fos positive neurons was clearly detected in 
the lateral part of the MEApd, although the Fos-IR neurons were less intensely stained as the 
Fos-IR neurons in the MEApd of the S AL-mating and DPAT-mating males in experiment 1 
The staining intensity of Fos-Ш. in other brain areas, i.e. endopiriform nucleus, paraventricular 
nucleus of the thalamus was however, similar to the staining in these areas in experiment 1, 
indicating that differences in staining intensity were not caused by differences in 
immunocytochemical procedures between experiment 1 and 2. 
In the BNSTpm, following ejaculation with the first intromission, the cluster in the 
rostral part of the BNSTpm was present, however, containing lower numbers of Fos positive 
cells. Fos-Ш. neurons in the caudal cluster were very weakly stained and only a few Fos 
positive cells were detected. Also in the PD, no Fos-IR neurons were detected But in the 
SPFp, Fos-Ш. neurons were observed in a similar distribution as in the SAL-mating and 
DPAT-mating males in experiment 1. Although, again, the Fos-IR neurons were less strongly 
stained and fewer cells were detected. 
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Figure 1. Mean numbers of Fos-IR neurons (± SEM) in the MPN (A), BNSTpm (B), MEApd (C) and 
SPFp (D) in mating males that received 8-OH-DPA Τ (DPA T-M) or saline (SAL-M) and in control males that 
received 8-OH-DPA Τ (DPA T-C) or saline (SAL-C). For statistical analysis DPA T-M males were compared to 
SAL-M males and DPAT-C males were compared to SAL-C males, using two-way ANOVA. * ρ < 0.05. 
Figure 2. —> Photomicrographs illustrating the distribution of Fos-IR neurons in the MPN following 2 
ejaculations in 8-OH-DPAT treated males (DPAT-M) (A) and in saline treated males (SAL-M) (B). Scale bar 
= 300 μη. 
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Figure 3. Photomicrographs illustrating the appearance of clusters of Fos-IR neurons in the rostral 
BNSTpm (A), caudal BNSTpm (B), the lateral part of the MEApd (C) and in the SPFp (D). The arrowheads 
indicate the location of the clusters in the rostral and caudal BNST. Scale bar = 300 fjm. 
DISCUSSION 
Behavioral effects of8-OH-DPA Τ 
8-OH-DPAT acts as a full agonist at postsynaptic 5-HTiA receptors in the CNS, 
producing parts of the '5-HT syndrome', consisting of flat body posture, hindlimb abduction, 
spread paws, arched back and lower lip retraction (Berendsen et al 1989, Green 1984, 
Tricklebank et al 1985). All of these symptoms were observed in the 8-OH-DPAT-treated 
males in the present study. 5-HTiA receptors have also been reported to be involved in various 
behaviors with different functions, e.g. feeding (Cooper 1988, Dourish et al 1985), aggressive 
behavior (Blanchard et al 1988, Olivier et al 1989) and sexual behavior (Ahlenius et al 1981, 
Ahlenius and Larsson 1991, Fernandez-Guasti et al 1992, Haensel et al 1991) Treatment of 
male rats with 8-OH-DPAT facilitates the elicitation of ejaculation (Ahlenius et al 1981), 
which was confirmed in the present study. 8-OH-DPAT-treated males ejaculated after fewer 
intromissions and with a shorter latency than saline-treated males. At a high dose of 0 8 mg/kg 
8-OH-DPAT, ejaculations often occurred with the first intromissions and without preceding 
mounts. 
Fos-IR following 8-OH-DPA T-induced ejaculation 
In 8-OH-DPAT-treated males, aspects of sexual behavior that normally precede an 
ejaculation, were only displayed at a very low level. The male rats showed very little 
anogenital investigation of the female, displayed no genital grooming and very low numbers of 
mounts and intromissions preceded the ejaculations In addition, the administration of 8-OH-
DPAT per se, did not induce Fos-IR in brain areas, known to be involved in sexual behavior. 
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Taken together, 8-OH-DPAT-induced ejaculation appeared ideal for studying the induction of 
ejaculation-specific Fos-IR. 
Ejaculation-related Fos-IR 
In a previous study (chapter 3) we reported that the distribution of Fos-IR in the 
BNSTpm, MEApd and SPFp, following intromissions without ejaculation differed from the 
Fos-IR following ejaculation In addition to differences in the numbers of Fos positive 
neurons, a striking pattern of Fos-IR was observed only following ejaculation, in small 
subregions of the BNSTpm and MEApd. In the present study we demonstrated that the 
distribution of Fos-IR in these specific subregions is indeed related to ejaculation and is 
independent of the numbers of intromissions preceding this ejaculation Even following a 
single ejaculation, without any preceding intromissions or mounts, this pattern of Fos-IR was 
observed, although the staining of Fos-IR neurons in some of the subregions was weaker than 
after 'normal' ejaculations. 
Two clusters in the BNSTpm 
In the BNSTpm of DPAT-M males, numbers of Fos-IR neurons were lower, compared 
to the SAL-M males. Since the BNSTpm seems also involved in chemosensory behavior 
(chapter 2, Femandez-Fewell and Meredith 1994), this difference can be explained by the very 
low level of chemosensory investigation displayed by the DP AT treated males. However, in all 
ejaculating males, two clusters of Fos-IR neurons were observed in the BNSTpm. One cluster 
was situated in the rostral part of the BNSTpm, close to the ventricle and appears to be 
homologous to the cluster specifically induced following mating including ejaculation in male 
hamsters (Femandez-Fewell and Meredith 1994) This rostrally situated cluster was also 
present, although weaker stained, following a single ejaculation, not preceded by other 
intromissions The second cluster is located in the caudal aspect of the BNSTpm, close to the 
fornix. This cluster was very weakly stained or absent following a single ejaculation. The 
reason for the two clusters to react differently following a single ejaculation, is not clear 
The BNSTpm seems to consist of different subareas. To our knowledge however, there 
is no detailed description of anatomical characteristics, to support the assumption that these 
subregions in the BNSTpm are different from the surrounding region of the BNSTpm. 
The lateral part of the MEApd 
In the MEApd no differences in the numbers of Fos-IR neurons were detected between 
DPAT-M and SAL-M males, even though the numbers of intromissions were much higher in 
SAL-M males This indicates that not the number of intromissions, but the ejaculation per se is 
important for the induction of Fos-Ш. in the MEApd. A major part of the Fos-IR neurons in 
the MEApd formed a striking dense cluster of Fos-IR neurons in the lateral part of the 
MEApd. Even following one ejaculation accompanying the first intromission, this cluster was 
clearly present. 
The MEApd seems to consist of different subregions, probably with a different 
functional significance In our previous studies (chapter 2 and 3) we found Fos-IR neurons 
following intromissions and Fos-Ш. following appetitive aspects of sexual behavior, in the 
medial part of the MEApd, separately from the cluster following ejaculation. There is also 
anatomical evidence supporting the occurence of two separate subregions within the MEApd. 
Projections from the AOB are mainly present in the cell-poor layer of the medial zone of the 
MEApd (Kevetter and Winans 1981, Lehman and Winans 1982, Scalia and Winans 1975), and 
may therefore influence the Fos-IR neurons following appetitive aspects In addition LHRH-
containing fibres appear to be situated mostly in the medial part (chapter 2). After PHA-L 
injections, filling the cell bodies as well as the dendrites of several MEApd neurons, we 
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observed many dendrites in the medial zone that were directed medially to the cell-poor layer 
bordering the optic tract The dendrites of the neurons in the lateral zone, however, did not 
show any preferential direction and never reached the medial layers (unpublished 
observations). 
The lateral region of the MEApd, specifically expressing c-fos following ejaculation, is 
known to be connected with several other areas involved in sexual behavior Simerly and 
Swanson (1986) reported a dense cluster in the MEApd projecting to the MPn and as 
described in a following chapter (chapter 7), reciprocal connections can be observed between 
this specific subregion and the MPN. 
The SPFp 
In our previous report (chapter 3), we observed that the induction of Fos-IR in the SPFp 
was specifically related to ejaculation This was confirmed by the observation in the present 
study that the numbers of Fos-IR in the SPFp are the same in DPAT-M and S AL-M males 
The SPFp is known to receive projections from the spinal cord (LeDoux et al 1987) and to 
project weakly to the MEA (Turner and Herkenham 1991, Yasui et al 1991) and the MPN 
(Simerly and Swanson 1986) 
ThePD 
In all males following two ejaculations in experiment 1, a dense cluster of Fos positive 
cells was observed in the PD However, in experiment 2, following a single ejaculation, no 
Fos-IR was detected in this area It is not clear why Fos-IR was not present in the latter 
situation In a previous study (chapter 3), Fos-IR was indeed observed following a single 
ejaculation in normally copulating males The function of the PD is not clear Connections 
with the MPN have been reported (Simerly and Swanson 1986), it is sexually dimorphic and it 
contains impressive amounts of androgen receptor containing neurons (Simerly et al 1990) 
Vìscero sensory stimulation 
In our previous study (chapter 3) we assumed ejaculation-related Fos-IR to be a 
reflection of afferent viscero sensory inputs relayed via the pelvic nerve, as a result of sensory 
stimulation during ejaculation and different from the sensory inputs arising from intromissions 
The present experiments, demonstrating the same striking clusters of Fos-IR following 
ejaculation without or with very limited numbers of preceding mounts and intromissions, 
supports this hypothesis In support of this hypothesis, in female rats, following vaginocervical 
stimulation, induction of Fos-IR was observed in these specific clusters In addition, this 
observation opposes the possibility that the Fos-IR clusters in male rats may reflect specific 
motor outputs, since females show an entirely different locomotor activity than the male 
ejaculatory motor pattern 
The MPN 
In the MPN, numbers of Fos-IR neurons were significantly lower in DPAT-M males 
than in SAL-M males This finding supports the assumption that the MPN is involved in all 
consummatory aspects of male copulatory behavior (chapter 2 and 3, Everitt 1990) In a 
previous study (chapter 3) we demonstrated that increasing sexual activity was followed by 
increasing numbers of Fos-IR neurons in the MPN In the present study, the lower numbers of 
Fos-IR neurons in the DPAT-M males, were probably caused by the low numbers of mounts 
and intromissions accompanying ejaculations, since the numbers of ejaculations in the two 
mating groups were similar Although the MPN has been indicated not to be involved in 
appetitive elements of male copulatory behavior, the decreased chemosensory investigative 
and general activity may have additionally resulted in the low numbers of Fos-Ш. neurons in 
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the MPN. In addition, Fos-IR in the BNSTpm, MEApd and SPFp of DPAT-C males was 
lower than in SAL-C males. This was probably the result of the low amount of general activity 
normally displayed by animals that are placed in an experimental environment (Hillegaart 
1991). 
Conclusions 
The facilitatory effects of 8-OH-DPAT created an ideal situation to study ejaculation-
related Fos-IR in CNS of the male rat. Activated cells specifically related to ejaculation were 
demonstrated to appear in distinct small clusters of Fos-IR cells in the lateral part of the 
MEApd, in two subrogions of the BNSTpm, in the PD and in the SPFp. Fos-IR in these 
subregions was hypothesized to reflect afferent viscera genital sensory stimulation. 
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ABSTRACT 
In order to investigate the neural mechanisms underlying the stimulating properties of 
the potent and fiali 5-HTiA-receptor agonist 8-hydroxy-2-(di-n-propylamino) tetralin (8-OH-
DPAT) on male sexual behavior, we studied the induction of the protein product Fos, after 
s.c administration, in mating and non-mating male rats. In several brain areas, including the 
central amygdala, the dorsolateral part of the bed nucleus of the strìa terminalis and the 
paraventricular hypothalamic nucleus, s с. injections of 8-OH-DPAT (0.4 mg/kg) strongly 
enhanced levels of Fos in both mating and non-mating rats However, no Fos immunoreactive 
neurons were detected in brain areas where 5-HTiA receptors are present Double labeling for 
Fos and oxytocin revealed a strong activation of oxytocin-containing neurons, especially in the 
rostral part of the paraventricular hypothalamic nucleus and in the posteromedial part of the 
bed nucleus of the stria terminalis. The proportion of double labeled oxytocin-containing cells 
increased following administration of a higher dose of 8-OH-DPAT (0 8 mg/kg) This 
suggests that oxytocin may be of functional importance for the behavioral effects of 8-OH-
DPAT. Considering the possible role of oxytocin in male copulatory behavior, we hypothesize 
that oxytocin may be involved in the stimulatory effects of 8-OH-DPAT on male sexual 
behavior. 
INTRODUCTION 
8-Hydroxy-2-(di-n-propylamino)tetralin (8-OH-DPAT) was first reported to have a 
strong facilitatory effect on male rat sexual behavior by Ahlenius and coworkers (1981) 8-
OH-DPAT was found to reduce the number of intromissions preceding ejaculation and to 
shorten the ejaculation latency Since then this finding has been confirmed by several other 
laboratories. Both systemic (Dàhlof et al 1988, Haensel et al 1991, Mendelson and Gorzalka 
1986) and central administration of 8-OH-DPAT in the nucleus accumbens or the medial 
preoptic area (Femandez-Guasti et al 1992, Hillegaart 1991) were reported to have 
facilitatory effects. Later, 8-OH-DPAT was reported a full agonist at the 5-HT]A receptor 
(Hoyer et al 1985, Middlemiss and Fozzard 1983) The importance of this receptor in sexual 
behavior was further confirmed by the facilitating effects of other 5-HTiA receptor agonists 
(Mathes et al 1990, Mos et al 1990). The possible neuronal mechanism and site of action 
underlying this stimulatory action of 8-OH-DPAT is , however, still rather unclear 
In the present study, we investigated the possible mechanisms and site of action 
underlying the stimulatory role of 5-HTiA receptors in male sexual behavior, using Fos as a 
marker for neural activation. Fos is the protein product of the immediate early gene c-fos, and 
it's immunocytochemical visualization has been widely used as a marker for neural activity 
following various stimuli, in the recent years (reviewed in Morgan and Curran 1991, 1995). In 
addition to investigating the distribution of activated neurons following administration of 8-
OH-DPAT, we used a combination of Fos and oxytocin (ОТ) double labelling 
immunocytochemical techniques, to study the possible role of ОТ in the effects of 8-OH-
DPAT on male sexual behavior. Since in addition to the behavioral effects, 8-OH-DPAT is 
known to induce release of ОТ (Bagdy and Kalogeras 1993, Li et al 1993). Furthermore, ОТ 
has been indicated to play an important role in the regulation of male sexual behavior 
(reviewed by Insel 1992 and by Carter 1992). Central or peripheral administration of small 
amounts of ОТ have been reported to facilitate male sexual behavior (Arletti et al 1990, 
Arletti et al 1992) and ОТ is thought to play a central role in penile erection (Argiolas 1992). 
In addition, ОТ is released during ejaculation in men (Murphy et al 1987), in male rats 
(Stoneham et al 1985) and male rabbits (Todd and Lightman 1986) The distribution of 
double-labeled neurons for Fos and ОТ, were studied in mating and non-mating male rats, 
following administration of 8-OH-DPAT or saline In a second experiment, distribution of 
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double-labeled neurons was studied in non-mating rats following the administration of three 
different doses of 8-OH-DPAT. 
EXPERIMENTAL PROCEDURES 
Animals and treatment 
Male Wistar rats (n=22, 260-285 g, 2-3 months old), obtained from the local breeding 
facilities of the University of Nijmegen, were housed separately from females in groups of two 
in an artificially lighted room (LD 12:12, lights on at 18 00 hr). Fourty-eight hours before 
testing animals were housed individually. Food and water were available at all times. Female 
rats (200 g, 2 months old) were bilaterally ovariectomized and used as stimulus females. 
Sexual receptivity was induced by s с. administration of SO mg estradiol benzoate dissolved in 
0.1 ml arachidis-oil 48 hours before testing, followed by sc administration of 500 mg 
progesterone dissolved in 0.1 ml arachidis oil 4 hours before testing. 
Fresh solutions of 8-hydroxy-2-(di-n-propylamino)tetraline.HBr (8-OH-DPAT) (RBI, 
Natick, MA, USA) were made approximately 1 hour before testing. In experiment 1, 0.4 
mg/kg 8-OH-DPAT and in experiment 2, 0.1, 0.4 or 0.8 mg/kg were used. 8-OH-DPAT or 
0.9 % saline (vehicle) were administered by sc injection in a volume of 0.2 ml, 30 minutes 
prior to testing. 
Experiment 1 
The males that were included in the first experiment were the same subjects that were 
studied in the previous chapter (chapter 4) Sexually experienced male rats (n=12) were 
randomly divided in four experimental groups (DPAT-M, SAL-M, DPAT-C and SAL-C, each 
n=3) Sexual experience was gained during four pre-test mating sessions, in which males 
copulated until multiple ejaculations. Testing was performed 5 hours after onset of the dark 
cycle. Two groups of mating males were studied. Following sc injections of 8-OH-DPAT (0.4 
mg/kg) (DPAT-M) or saline (SAL-M), 30 minutes prior to the test, the males were placed in a 
mating arena with clean bedding and 30 minutes later, a receptive female was presented. 
Mating was allowed until two ejaculations were achieved. In addition, two groups of non-
mating males were studied. Following administration of 8-OH-DPAT (0 4 mg/kg) (DPAT-C) 
or saline (SAL-C), they were placed in a clean test-cage, with clean bedding and without the 
presence of a mating partner, for a time period that was equivalent to the time that the DPAT-
M and SAL-M spend in the mating arena. All males were observed continuously for 30 
minutes prior to the mating test and during the testperiod, to register behavioral effects of the 
administration of 8-OH-DPAT and copulatory behavior. After the test, males were returned to 
their homecages, where water was available, but food was removed to prevent a high food 
intake, as induced by 8-OH-DPAT treatment (Bendotti and Samanin 1986). All animals were 
sacrificed 60 minutes after ending of the test, which was equivalent to 105 minutes following 
injection 
Experiment 2 
In the second experiment sexually experienced male rats were given different s.c. doses 
of 8-OH-DPAT, I. 0.1 (n=3), II 0 4 (n=3) or III: 0 8 (n=3) mg/kg, whereas one male received 
a s.c. injection of saline Following the injection, males were returned to their homecage, 
where food was removed, but water was available at all times. Similar to experiment 1, 
animals were sacrificed 105 minutes after the injections 
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mount latency 
intromission latency 
first ejaculation latency 
post ejaculatory interval 
second ejaculation latency 
# mounts / first ejaculation 
# intromissions / first ejaculation 
# mounts / second ejaculation 
# intromissions / second ejaculation 
DPAT-M 
24" ± 5" 
27" ± 7" 
142" ±31" 
5'39" ± 13" 
2'27"±47" 
1±0.3 
3±2 
3 ± 2 
3 ± 1 
• t 
*t 
*i 
*i 
*l 
*l 
SAL-M 
4" ± 1" 
8" ± 2" 
12'57"±51" 
6'14"±6" 
4 Ί 3 " ± Γ 1 8 " 
7 ± 3 
20 ±2 
7 ± 4 
7 ± 1 
Table I. A summary of the average latencies (± SEM) until first mount, first intromission and 
ejaculation (first and second), and the duration of the post-ejaculatory interval following the first ejaculation, 
are indicated in minutes (') and seconds ("), in mating males treated with 8-OH-DPAT (DPAT-M) or saline 
(SAL-M). In addition, the numbers of mounts and intromissions preceeding first and second ejaculation are 
indicated. Significant increases ( f) or decreases ( J·) in DPAT-M compared to SAL-M males, are indicated 
by asterisks (p < 0.05). 
Immunocytochemistry 
Animals were sacrificed under sodium pentobarbital anaesthesia (Narcovet, 30 mg/0.5 
ml ip), injected ip with héparine (1 ml, Organon Teknika, the Netherlands), to prevent 
excessive bloodclotting and perfused transcardially with 0.1 M phosphate buffered saline 
(PBS), pH 7.3, followed by 400 ml 4% paraformaldehyde in 0.1 M PBS, pH 7.5. Brains were 
removed and postfixed for 16-18 hours at 4 °C. 
Coronal 75 \im sections were cut using a vibratome (Biorad) and collected in 0.1 M 
PBS. Sections were washed free floating in PBS and soaked for one hour in incubation 
solution (PBS containing 0.1% bovine serum albumin and 0.5% triton X-100). Subsequently, 
the sections were incubated overnight on a shaker at room temperature with a polyclonal anti-
Fos antiserum raised in sheep (OA-11-824, Cambridge Research Biochemicals, Northwich, 
England), diluted 1:10,000 in the incubation solution, then incubated for 60 minutes at room 
temperature in donkey anti-sheep (Jackson Imm. Res., 1:400 in incubation solution) and for 
120 minutes at room temperature in ABC-elite (Vectastain ABC-kit, elite, 1:800 in PBS). In-
between each incubation, sections were washed twice in PBS. The Fos antibody peroxidase 
complex was visualized by 3,3' diaminobenzidine tetrahydrochloride (DAB) staining with 
Nickel ammonium sulfate added to it (0.02 % DAB, 0.03 % Nickel ammonium sulphate, in 
0.05 M Tris-buffer, pH 7.6, with 25 ml of a 30 % solution of hydrogen peroxide per 25 ml of 
reaction solution). 
Subsequently, following washing in PBS and in PBS containing 1% H2O2 and 0.1% 
sodium azide for 10 minutes, sections were incubated for anti-oxytocin (experiment 1: Incstar, 
1:4,000; experiment 2: Peninsula, 1:180,000 in incubation solution) overnight at room 
temperature, for 60 minutes in goat anti-rabbit-biotine (Vector, 1:400 in incubation solution) 
and for 120 minutes in ABC-elite (Vector ABC kit, Elite, 1:800 in PBS). The DAB reaction 
was conducted without the addition of nickel-ammonium sulfate, resulting in a brown reaction 
product. Sections were mounted on gelatin/chrom aluin-coated glass slides, dried overnight, 
cleared in xylene, embedded with Entellan (Merck, Darmstadt, Germany) and coverslipped. 
Analysis ofFos-IR 
The numbers of Fos immunoreactive (Fos-IR) cells following the different behavioral 
situations, were quantified in animals given codes not related to their test-situations. For all 
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subjects Fos-IR cells were counted, using a Zeiss lightmicroscope and drawingtube, in two 
adjacent sections for each brain area, in a standard area of 0.25 mm2 or 0.125 mm2. For 
quantification of Fos-IR neurons in the paraventricular hypothalamic nucleus, no standard area 
was used, but Fos-IR cells were counted within the borders of the nucleus present in one 
representative section. The data are presented as means (± SEM), of two samples per 0.25 
mm
2
 or per 0.125 mm2. Comparisons between groups were statistically analysed using a one 
way ANOVA with a 5 % level of significance. 
RESULTS 
Behavioral effects of8-OH-DPAT 
In experiment 1, following administration of 8-OH-DPAT, animals exhibited lower lip 
retraction, flat body posture, arched back, forepaw treading and abducted hindlimbs, well-
known phenomena after 5-HTiA receptor activation. In experiment 2, animals were not 
observed constantly. Therefore it is not clear if the lowest dose of 0.1 mg/kg bw also induced 
this behavioral complex. 
The administration of 8-OH-DPAT showed prominent facilitatory effects on sexual 
behavior. Ejaculations of the DPAT-M males were preceded by lower numbers of 
intromissions and mounts and showed a shorter latency, compared to SAL-M males (table 1). 
In addition, DPAT-M males displayed less anogenital investigation of the female and showed 
no genital grooming following intromissions or ejaculations. 
Distribution of Fos-IR neurons 
Increases in Fos-IR were observed following mating in both DPAT-M and SAL-M males, 
in the medial preoptic nucleus, in distinct subregions of the bed nucleus of the stria terminalis 
(BNST) and of the medial amygdala and in the subparafascicular nucleus. These data are 
described in more detail in the previous chapter. 
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Figure 1. Mean numbers of Fos-IR neurons 
(±SEM) in the CEA (A), РУН (B) and BNSTdl (C) 
in mating males that received 8-OH-DPAT 
(DPAT-M) or saline (SAL-M) and in control males 
that received 8-OH-DPAT (DPAT-C) or saline 
(SAL-C). 
DPAT-M SAL-M DPAT-C SAL-C 
74 8-OH-DPA Τ and Oxytocin 
Administration of 8-OH-DP AT resulted in Fos-IR in specific brain areas of both mating 
(DPAT-M) and non-mating males (DPAT-C). High numbers of Fos-IR neurons were detected 
in the central nucleus of the amygdala (CEA) (figure 1 and 2) and in the hypothalamic 
paraventricular nucleus (PVH) (figure 1) of both 8-OH-DPAT-treated groups. Fos-IR was 
also observed in a distinct subregion of the BNST, i.e. the dorsolateral part (BNSTdl) (figure 
1 and 2). However, only DPAT-C males showed higher numbers of Fos-IR neurons in the 
BNSTdl, compared to the SAL-C groups and no increased induction was observed in the 
DPAT-M males compared SAL-M males. In addition, Fos-IR was detected in the ventral part 
of the BNST and the ventral part of the premamillary nucleus. In saline-treated males, both 
following mating (SAL-M) or a control situation (SAL-C), increased numbers of Fos-IR 
neurons were not observed in the CEA PVH, BNSTdl or in other brain areas, where Fos-IR 
was induced in DPAT-M and DPAT-C males. 
Figure 2. Photomicrographs illustrating the distribution of Fos-IR neurons in the BNSTdl (A, indicated 
by the arrow) and CEA (В) in control males treated with 8-OH-DPA Τ (0.4 mg/kg). Scale bar = 300 μη 
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Figure 3. Camera lucida drawings illustrating the distributions ofFos-IR neurons (indicated by black 
dots), oxytocin-IR neurons (indicated by open circles) and double-labeled neurons (indicated by asterisks), 
following two ejaculations, in representative males that were treated with saline (A) or 8-OH-DPAT (0.4 
mg/kg) (B), in the same level of the PVH. Scale bar = 200 μτη. Subdivisions of the PVH are based on Mulders 
et al (1995): MC: magnocellular; PCc: parvocellular, central part; PCd: parvocellular, dorsal part; PCv: 
parvocellular, ventral part; PVperiventricular region. 
Mating behavior was followed by induction of Fos-IR in both DPAT-M and SAL-M 
males, in the medial preoptic nucleus, the posteromedial BNST, the posterodorsal medial 
amygdala and the parvicellular part of the subparafascicular nucleus. In these specific brain 
areas, increased numbers of Fos-IR neurons were not detected in non-mating DPAT-C or 
SAL-C males. 
Figure 4. Camera lucida drawings illustrating the distributions of Fos-IR neurons (indicated by black 
dots), oxytocin-IR neurons (indicated by open circles) and double-labeled neurons (indicated by asterisks), 
following administration of 8-OH-DPAT (0.8 mg/kg), in the BNSTpm and anterior parvocellular part of the 
PVH. The levels shown in С and D are 150 μτη apart and are enlarged representations of the subareas 
indicated with dashed lines in A resp. B. Scale bar = 200 μτη 
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Figure 5. Camera lucida drawings of four successive rostrocaudal levels of the PVH (each 150 μτη 
apart), illustrating the distributions of Fos-IR neurons (indicated by black dots), oxytocin-IR neurons 
(indicated by open circles) and double-labeled neurons (indicated by asterisks), following administration of 
8-OH-DPAT (0.8 mg/kg). Scale bar = 200 μιη. Subdivisions of the PVH are based on Mulders et al (1995): 
MC: magnocellular; PCc: parvocellular, central part; PCd: parvocellular, dorsal part; PCp: parvocellular, 
posterior part; PCv: parvocellular, ventral part; PVperiventricular region. 
Colocalization of Fos-IR with OT-containing neurons 
OT-immunoreactive (OT-IR) neurons were observed in the BNST, PVH, supraoptic 
nucleus (SON), medial preoptic area and other accessory groups, in all animals. Although 
different antibodies to ОТ were used in experiment 1 and 2, the observed distributions of OT-
IR cells, were similar. 
In all males treated with 8-OH-DPAT and regardless the status of sexual stimulation, a 
proportion of the population of OT-IR neurons showed double labeling with Fos-IR, while in 
neither SAL-M or in SAL-C males double labeled ОТ- and Fos-IR neurons were detected 
(figure ЗА). In both DPAT-M and DPAT-C males, the same distribution of double-labeled 
neurons for ОТ and Fos was observed. A large proportion of the OT-IR cells situated in the 
MPOA SON, BNST (figure 4) and the rostral part of the PVH (figure 4 and 5) showed 
double labeling for Fos-IR. In contrast, in the most caudal regions of the PVH, only a low 
amount of colocalization was present or double labeling was even completely absent. In 
addition, high numbers of Fos-IR neurons were situated in the parvocellular parts of the PVH, 
which were not colocalized with ОТ (figure 3B and 5). 
The distribution of double-labeled neurons did not vary with the administration of 
different doses of 8-OH-DPAT in experiment 2 and was similar to that found in DPAT-M or 
DPAT-C males in experiment 1 (figures 4 and 5). Percentages of OT-IR neurons co-
expressing Fos were quantified in the BNSTpm and the anterior parvocellular part of the PVH 
(PVHap) (table 2). The lowest dose of 0.1 mg/kg, resulted in double labeling of 25.2 ± 12.9 % 
of the OT-IR neurons in the BNSTpm and in 24.3± 12.8 % in the PVHap (figure 6A). 
Following administration of 0.4 mg/kg the proportion of OT-IR cells double-labeling for 
Figure 6. -> Photomicrographs illustrating the proportion of oxytocin-IR neurons (brown) containing 
Fos-IR nuclei (black) following administration of a low dose (A, 0.1 mg/kg 8-OH-DPAT) or a high dose (B, 0.8 
mg/kg) of 8-OH-DPAT. 
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SALINE 
0.1 mg/kg 8-OH-DPAT 
0.4 mg/kg 8-OH-DPAT 
0.8 mg/kg 8-OH-DPAT 
BNST 
0 % 
25.2 ± 12.9 % * 
81.2 ± 5 . 7 % * 
90.9 ± 4 . 2 % * 
PVHap 
0 % 
24.3 ± 12.8 % • 
66.8 ± 13.7 % * 
77.3 ± 1 0 . 1 % 
Table 2. The average proportions (± SEM) of oxytocin-IR neurons containing Fos-IR nuclei in the 
BNST and in the anterior part of the parvocellular PVH, following administration of saline or following 
different doses of 8-OH-DPAT. 
Fos- Ш. in the BNSTpm and PVHap were significantly higher i.e. 81.2 ±5.7 % in the 
BNSTpm and 66.8 ±13.7 % in the PVHap. Following the dose of 0.8 mg/kg, 90.9 ±4.2 % of 
the OT-IR neurons in the BNSTpm and 77.3 ±10.1 % in the PVHap coexpressed Fos (figure 
6B). After saline injections, no double-labeled ОТ- and Fos-IR neurons were detected. 
DISCUSSION 
The results of the present study demonstrate that administration of 8-OH-DPAT, 
independent of the sexual performance, induces Fos-IR in specific areas of the male rat brain, 
including the CEA, BNSTdl and PVH. In addition, OT-containing neurons co-expressing Fos 
were detected following administration of 8-OH-DPAT, in both mating and non-mating males, 
but not in saline-treated mating or non-mating males. Following sexual behavior, independent 
of the 8-OH-DPAT or saline treatment, Fos-IR was induced in the MPN, posterodorsal 
medial amygdala, posteromedial BNST and parvicellular subparafascicular nucleus. 
Administration of 8-OH-DPAT per se (DPAT-C) was, however, not followed by Fos-IR in 
these brain areas. 
A strong induction of Fos-IR was observed following administration of 8-OH-DPAT in 
the CEA, BNSTdl and in the PVH, SON and other regions containing ОТ-ГО. neurons. But 
somewhat surprisingly, the distribution of the Fos-IR neurons corresponded only partly with 
the distribution of 5-HTiA receptors in the brain, although 8-OH-DPAT has been shown to act 
as an agonist on 5-HTiA receptors (Ahlenius and Larsson 1989). High densities of 5-HTiA 
receptors are present in the hippocampus, septum, central and medial amygdala, 
hypothalamus, raphe nuclei and some parts of the spinal cord (Palacios et al 1990). In the 
present study however, no increased induction of Fos-IR was detected in any of these areas 
following subcutaneous administration of 8-OH-DPAT, except for the CEA. Also in areas 
where central administration of 8-OH-DPAT has been shown to stimulate male copulatory 
behavior, i.e. the nucleus accumbens and medial preoptic area (Fernandez-Guasti et al 1992), 
no Fos-ГО. was found. Since Fos-IR in other areas of the brain was intense, it is unlikely that 
the absence of Fos-IR in 5-HT]A receptor containing areas is due to a low level of Fos-IR after 
the 8-OH-DPAT stimulus, or to the detection level of the immunocytochemical technique. 
The 5-HTiA receptor has been proposed to be located either on the somas or dendrites 
of serotonergic neurons or on postsynaptic target cells (Verge et al 1985) and the facilitatory 
effects of 8-OH-DPAT on sexual behavior have been indicated to be mediated by 
postsynaptic^ receptors (Fernandez-Guasti and Escalante 1991). 5-HTiA receptors may 
activate different second messenger systems in the same cell (Boess and Martin 1994) and 
there is strong evidence that the 5-HTiA receptor couples to phospholipase С Although this 
suggests that the activation of the immediate early gene c-fos is indeed possible (Boess and 
Martin 1994, Sanders-Bush and Canton 1995, Yocca and Maayani 1990), no direct evidence 
supporting this possibility exists. Therefore, it is possible that the 5-HTiA receptor does not 
activate c-fos. In addition, the 5-HT]A receptor is negatively coupled to adenylate cyclase and 
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to enhancement of K+ channel activity (Sanders-Bush and Canton 1995). Whether this 
inhibition of the postsynaptic cells may lead to activation of other neurons in the brain, 
however, is not known. But the induction of Fos-IR that we detected following administration 
of 8-OH-DPAT, may be an indirect effect of an inhibition of 5-HTiA receptor containing 
neurons. 
Using double-labelling techniques we demonstrated that following administration of 8-
OH-DPAT and independent of sexual activity, a high proportion of the OT-IR neurons in the 
BNST and PVH were double-labeled for Fos-IR. Since 8-OH-DPAT and other 5-HTiA 
receptor agonists are known to be potent releasers of oxytocin (Bagdy and Kalogeras 1993, 
Bagdy and Makara 1994), the Fos induction may be associated with the modulation of 
oxytocin release. This assumption is further supported by the observation that increasing doses 
of 8-OH-DPAT resulted in significant higher proportions of double labeled ОТ- and Fos-IR 
neurons. Indeed, increasing doses of 8-OH-DPAT have been shown to result in an increasing 
release of oxytocin (Bagdy and Kalogeras 1993, Li et al 1993). 
Although double-labeled ОТ-Ш. neurons were detected in all parts of the PVH, higher 
proportions were noted in the anterior parts Especially in the most anterior parvocellular part 
of the PVH and in the BNSTpm, relatively high percentages of ОТ-ГО. neurons with Fos-IR 
nuclei were present. Ingram and Moos (1992) reported that the most anterior part of the PVH 
appears to be distinct from the main part of the PVH and continuous with the anterior 
commisurai nucleus, forming an anterolateral continuum extending into the BNSTpm. The 
distribution of ОТ-ГО. neurons observed in the present study is in agreement with the 
describtion by Ingram and Moos (1992). Remarkably, double labeled neurons were especially 
numerous in these areas. 
ОТ has been suggested to play a role in the facilitatory effects of dopaminergic agonists 
on male sexual behavior, since these effects can be blocked by oxytocinergic antagonists 
(Melis et al 1989 and 1994). The high proportions of OT-IR double-labeled neurons in the 
anterior PVH and BNSTpm, observed in the present study, suggest that ОТ plays a role in the 
mediation of the effects of 8-OH-DPAT. 
Tracing studies demonstrated that the ОТ-ГО. neurons in the continuum from BNST to 
PVH appear to provide the oxytocinergic innervation of the BNST (Ingram and Moos 1992). 
Furthermore, OT-binding sites appear to be present in the BNST and especially in the BNSTdl 
(Elands et al 1988, Krémarik et al 1993 and 95). This subregion of the BNST (Moga et al 
1989) is reciprocally connected with the CEA (Han and Ju 1990), another area known to 
contain high densities of OT-binding sites (Krémarik et al 1993 and 1995) Interestingly, in the 
present study high numbers of Fos-IR neurons were detected both in the BNSTdl and CEA. 
The Fos-IR in the BNSTdl and CEA observed in the present study may therefore reflect 
activation of these brain regions by ОТ, especially since Condes-Lara et al (1994) 
demonstrated that the ОТ binding sites in the CEA respond to iontophoretic application of ОТ 
in the BNSTdl and parabrachial nucleus Dense reciprocal connections are present between 
the BNSTdl, CEA, parabrachial nucleus and the nucleus of the solitary tract (Moga et al 1989, 
Krettek and Price 1978a, Saper and Loewy 1980, Jia et al 1994, Schmued 1994). This 
suggests that this system may play a role in the behavioral effects of 8-OH-DPAT, and 
possibly in the mediation of these effects by the release of ОТ. 
ОТ has been indicated to play a role in the regulation of male sexual behavior (reviewed 
by Insel 1992 and by Carter 1992). Central or peripheral administration of small amounts of 
ОТ have been reported to facilitate male sexual behavior (Arletti et al 1990, Arletti et al 92) 
and ОТ is thought to play a central role in penile erection (Argiolas 1992). Furthermore, ОТ is 
released during ejaculation in men (Murphy et al 1987), in male rats and rabbits (Stoneham et 
al 1985, Todd et al 1986). In the present study, however, no double-labeled ОТ- and Fos-IR 
neurons were detected following copulation in saline-treated rats Although Witt and Insel 
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(1994) recently reported Fos expression in ОТ neurons in male rats following intromissions, 
ejaculations and also in control animals, we never observed any Fos-IR in OT-containing 
neurons following mating Also in pilot studies (unpublished results) in which we allowed male 
rats to copulate for an hour, achieving up to eight ejaculations, no Fos-IR was induced in OT-
IR neurons Both in these pilot studies and in the present investigation, the Fos-IR was very 
intense and clearly situated in regions not containing OT-IR neurons It's also important to 
note that following copulation Fos-IR was not significantly increased in the PVH of saline-
treated male rats (figure 1 and 3B), while Fos-Ш. was highly increased in this brain region 
following administration of 8-OH-DPAT in both mating and non-mating males The contrast 
between our results and the paper of Witt and Insel may be due to the use of different 
antibodies to Fos, a different strain of rats, or to unknown differences in the behavioral 
training and testing conditions The latter is possibly illustrated by the fact that Witt and Insel 
also detected double-labeled OT-IR neurons in non-mating animals, while we did not detect 
double-labeled OT-IR neurons under similar control conditions 
Another well-characterized stimulus for ОТ release, suckling, has also been reported not 
to result in double stained ОТ- and Fos-IR neurons in the SON, although it is known to 
stimulate magnocellular ОТ neurons (Luckman et al 1994) Therefore, the absence of double 
labeled OT-ER and Fos-IR neurons following copulation in saline-treated rats, does not 
necessarily mean that these OT-IR neurons are not involved 
Finally, the possibility that in the present study, stress is an additional stimulus for the 
induction of Fos-Ш. following 8-OH-DPAT cannot be ruled out, since stress is known to 
induce Fos-Ш. in the PVH (Cullinan et al 1995, Mulders et al 1995) Although in the present 
study Fos-IR was described in OT-IR cells, it is clear that, in addition, high numbers of Fos-IR 
neurons are present in parvocellular regions of the PVH, known to contain corticotrophin 
releasing factor (CRF) (Swanson and Sawchenko 1980) This finding is in agreement with 
reports that 5-HTiA agonists induce release of corticosterone (Bagdy and Makara 1994, Li et 
al 1993), indicating an activation of the pituitary-adrenal axis In agreement, the 5-HTiA 
agonist flesinoxan was demonstrated to induce Fos-IR in CRF-ГО. neurons in the PVH 
(Compaan et al 1994) 
Conclusions 
In conclusion, we have provided anatomical evidence that administration of 8-OH-
DPAT leads to activation of oxytocinergic neurons in the PVH, SON and accessory groups 
Copulatory behavior in saline-treated males did not result in double labeled OT-IR neurons 
Administration of 8-OH-DPAT independent of sexual behavior, was followed by high 
proportions of double-labeled OT-IR neurons in the anterior parvocellular PVH and in the 
BNSTpm, suggesting that these subareas may be involved in the mediation of the behavioral 
effects of 8-OH-DPAT We hypothesize that the release of ОТ by 8-OH-DPAT is of 
functional importance for the stimulatory effect of 8-OH-DPAT on male sexual behavior 
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ABSTRACT 
In previous studies it was observed that Fos immunoreactivity was induced following 
ejaculation in the parvocellular part of the subparafascicular thalamic nucleus (SPFp), in both 
male and female rats The present set of experiments was conducted to characterize these Fos-
ER neurons in relation to two neuropeptides, calcitonin gene related peptide (CGRP) and 
galanin (GAL), using immunocytochemical double labeling technique. Double labeling for 
CGRP and GAL revealed that the population of GAL immunoreactive (ER) fibers is mainly 
situated medial to the population of CGRP-ER neurons and fibers and that the two populations 
only partly overlap. In the SPFp of both males and females, 40% of the CGRP-containing cells 
co-expressed Fos-ER, independent of sexual behavior In addition, the Fos-ER neurons in the 
SPFp, activated following ejaculation, were situated medial to the CGRP-ER population. We 
therefore concluded that CGRP in the SPFp, does not seem to play a functional role in 
copulatory behavior in both male and female rats The distribution of GAL-containing fibers in 
the SPFp, however, showed an identical anatomical distribution as the Fos-ER neurons 
following ejaculation Since the induction of Fos-ER in the SPFp is probably related to afferent 
visceral sensory inputs via the pelvic nerve, GAL seems to be involved in the relay of visceral 
sensory information. In addition, in the posterodorsal part of the medial amygdala, co-
occurrence of GAL-ER fibers was detected with the ejaculation-related cluster of Fos-ER 
neurons in the lateral part, in both male and female rats 
INTRODUCTION 
The importance of the caudal diencephalon, lateral midbrain tegmentum or central 
tegmental field, for male and female sexual behavior, has been indicated by lesion and 
electrical stimulation studies. Lesions in this area have been shown to cause severe deficits in 
male and female copulatory behavior (Brackett and Edwards 1984, Hansen and Gummesson 
1982, Hansen and Köhler 1984, Maillard and Edwards 1991). In addition, electrical 
stimubtion of this brainarea reduced ejaculation-latency, indicating a facilitation of male 
copulatory behavior (Shimura and Shimokochi 1991). 
Using the visualization of the protein product Fos of immediate early gene c-fos as a 
marker for neural activity (Morgan and Curran 1995), Fos-immunoreactivity has been 
detected in this specific brainarea in male and female rats following copulatory behavior 
(Baum and Everitt 1992, Rowe and Erskine 1993, Wersinger et al 1993). In the previous 
chapters we described the parvicellular part of the subparafascicular thalamic nucleus (SPFp) 
as forming a major part of the population of Fos positive neurons in the caudal diencephalon. 
In male rats, the induction of Fos-ER in the SPFp is related to ejaculation and is not present 
following intromissions or mounts. Also in female rats, Fos-ER in the SPFp was most strongly 
induced following ejaculation, although increased numbers of Fos-ER neurons were also 
observed following intromissions (chapter 3). 
In the present study, a set of experiments was performed in order to characterize the 
Fos-ER neurons in the SPFp in relation to two neuropeptides, calcitonin gene related peptide 
(CGRP) and galanin (GAL). Both CGRP-containing neurons and fibers (Kawai et al 1985, 
Kresse et al 1995, Kruger et al 1988a and 1988b, Skofitsch and Jacobowitz 1985) and 
galanin-containing fibers (Ju et al 1987a) are reported to be present in the SPFp and also in 
the spinal cord, where they were found to colocalise (Ju et al 1987b) Both peptides are 
suggested to play a functional role in the sensory systems ascending from the spinal cord (Ju 
et al 1987a, Kruger et al 1988b, Yasui et al 1991). In addition, the position of populations of 
CGRP and GAL-ER neurons in the lumbar spinal cord, suggest an important role in sexual and 
pelvic functions (Newton et al 1990, Newton 1992). In order to investigate the involvement of 
CGRP and GAL in the induction of Fos-ER in the SPFp, we studied colocalization of Fos-ER 
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with CGRP-IR and GAL-IR in the male and female rat SPFp following ejaculation, using 
immunocytochemical double labeling techniques 
EXPERIMENTAL PROCEDURES 
Animals 
Male Wistar rats, 3 months of age, obtained from the local breeding facilities of the 
University of Nijmegen, were group-housed by sex in two separate, artificially lighted rooms, 
on a reversed 12.12 light/dark cycle. Lights in the male colony were off between 05.00 and 
17.00 hr and in the female colony between 12.00 and 24.00 hr. Food and water were 
continuously available. Two days before testing, animals were housed individually. Female rats 
were bilaterally ovariectomized and sexual receptivity was induced by administration of SO mg 
estradiol benzoate/0.1 ml arachidis-oil 48 hours and 500 mg progesterone/0.1 ml arachidis oil 
4 hours before testing. 
Experimental protocols 
All testing occurred during the second half of the dark period of the males, which was 
the beginning of the dark period of the females (between 12.30 and 13 15 hr). The sexually 
experienced males were placed in the mating arena with clean bedding, and after a five 
minutes adaptation period the receptive female was presented The female rats received 
hormone treatment and mating experience, one week prior to testing. The sexually 
experienced males (n=3 for CGRP/Fos and n=4 for GAL/Fos) and females (n=3 for 
CGRP/Fos and n=3 for GAL/Fos) were allowed to copulate until at least one ejaculation 
occurred. Following copulation, the animals were replaced in their home cages. Two control 
groups were studied In the first control group, males (n=5 for CGRP/Fos, n=3 for GAL/Fos) 
and females (n=5 for CGRP/Fos and n=4 for GAL/Fos) were placed in the mating arena for 
15 minutes, without the presentation of a partner. In the second control group, males (n=2 for 
CGRP/Fos and GAL/Fos) and females (n=2 for CGRP/Fos and GAL/Fos) remained in their 
home cages 
Subsequently 60 minutes following replacement in the home cages, the animals were 
anaesthetized, using sodium pentobarbital (Narcovet, 30 mg/0.5 ml ip), injected ip with 
héparine (1 ml, ip, Organon Teknika) to prevent excessive bloodclotting and perfused 
transcardially with 0.1 M phosphate buffered saline (PBS), pH 7.3, followed by 400 ml 4% 
paraformaldehyde dissolved in 0.1 M PBS, pH 7.5. Brains were removed and postfixed 
overnight at 4°C. 
Immunocytochemistry 
Coronal sections were cut at 75 μιτι using a vibratome (Biorad) and collected in 0.1 M 
PBS. Some of the brains were processed for double labeling of CGRP and Fos and for GAL 
and Fos. In most cases, however, different animals were used for either CGRP/Fos or for 
GAL/Fos (see above). 
Free floating sections were washed twice in PBS and soaked for one hour in incubation 
solution (PBS containing 0 1% bovine serum albumin and 0.5% triton X-100) Next, the 
sections were incubated overnight at room temperature, on a shaker with an anti-Fos 
antiserum raised in sheep (OA-11-824, Cambridge Research Biochemicals, Northwich, 
England), diluted 1:10,000 in incubation solution. Subsequently, the sections were incubated 
for 60 minutes at room temperature in donkey anti-sheep (1:400 in incubation solution, 
Jackson) and for 120 minutes at room temperature in ABC-elite (Vector ABC-elite kit 1 800 
in PBS). In between incubations, sections were rinsed twice with PBS. The Fos antibody 
peroxidase complex was visualized by 3,3' diaminobenzidine tetrahydrochloride (DAB) 
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staining. Sections were incubated for 10 minutes in a chromogen solution consisting of 0.02% 
DAB and 0 03% Ni-ammonium sulfate in 0.05 M Tris-buffer (pH 7.6), and subsequently for 
10 minutes in chromogen solution containing hydrogen peroxide (25 ml of a 30% solution per 
25 ml of reaction solution).This resulted in a blue-black staining. All sections were rinsed 
several times with PBS and for 10 minutes with 0.1% H2O2, 0 1% natriumazide in PBS, 
followed by another several times of rinsing. 
Subsequently, sections were incubated in rabbit polyclonal antisera recognizing rat 
CGRP (1 7,500, Amersham, UK, overnight, room temp) or in rabbit polyclonal antisera 
recognizing rat galanin (1 60,000, Peninsula, overnight, room temp) and treated with the same 
protocol as described above for the Fos-immunocytochemistry, using biotinylated donkey anti-
rabbit (Jackson, 1:400) and ABC-elite (Vector, 1:800). Visualization of the CGRP- or 
galanin-immunoreactivity was achieved using the DAB-procedure, without the addition of Ni-
ammoniumsulfate resulting in a brown reaction product. 
Following staining the sections were rinsed three times in PBS and mounted on 
gelatin/chrom aluin-coated glass slides, dried overnight, cleared in xylene, embedded with 
Entellan (Merck, Darmstadt, Germany) and coverslipped. 
To show colocalisation of CGRP and galanin, one serie of sections was incubated first in 
CGRP and then incubated for galanin, using the described protocols, resulting in a blue-black 
product for CGRP-IR and a brown product for galanin-IR. 
Statistical analysis 
Double labeled neurons for CGRP and Fos were counted in the SPFp and group 
medians were statistically analysed using Mann Whitney U test, with a 5% level of 
significance. 
RESULTS 
Fos-IR in the SPFp 
Following ejaculation, Fos-IR was strongly induced in a subarea of the caudal 
diencephalon, forming a horizontal layer dorsal to the medial lemniscus, in both males and 
females. The layer of Fos positive neurons extended rostromedially and caudolaterally, 
between the fasciculus retroflexus and the peripeduncular nucleus respectively. We refer to 
this population of Fos-IR cells as the SPFp, since the major part of this Fos-IR cell population 
«- Figure I. Color photomicrographs illustrating the distributions of Fos-IR neurons, galanin-IR fibers 
and CGRP-IR neurons and fibers A rostral level of the SPFp is shown in А, В, С and G (magnification ¡Ox), 
while a more caudal level is shown in D, E and F (magnification 5x). A and D show the distribution of 
galanin-IR fibers (brown) and the cluster of Fos-IR neurons (black) following ejaculation, which is indicated 
by the arrow. In the insertion (a) the Fos-IR neurons and the closely surrounding basket-like galanin-fibers 
are shown at a higher magnification (40x). In photomicrographs В and E the distribution of CGRP-IR neurons 
and fibers (brown) are shown in relation to the cluster of Fos-IR neurons following ejaculation (indicated by 
the arrow). A CGRP-IR neuron, containing a Fos-IR nucleus is shown at a higher magnification m the 
insertion (b). The localisation of the galanin-IR (brown) and CGRP-IR (black) populations are shown in 
photomicrographs С and F. Photomicrograph G illustrates the distributions of Fos-IR neurons (black) and 
galanin-IR fibers (brown) in a control animal, at the same level as photomicrograph Α.. The arrow indicates 
the location where the Fos-IR neurons following ejaculation would have been situated. Photomicrograph Η 
shows the distribution of galanin-IR fibers (brown) and the cluster of Fos-IR neurons (black) following 
ejaculation (indicated by the arrowheads) in the MEApd The distribution of galanin-IR fibers (brown) and 
CGRP-IR fibers (black) at the same level of the MEApd are illustrated m I. The arrowheads indicate the 
location where the ejaculation-related Fos-IR neurons would have been situated. 
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is formed by the SPFp. The distribution of the Fos positive cells completely resembled the 
distribution that we have observed in our previous studies (chapters 2, 3 and 4). 
The distribution of Fos-IR cells in the SPFp appeared to consist of two different parts. 
In the more lateral aspect of the SPFp, Fos-IR cells were also present following the control 
situation in which the animals were placed in the mating arena and no increases were detected 
following sexual behavior in either males or females. In addition, the intensely stained Fos-IR 
neurons that were detected following ejaculation in males and females were situated in the 
more medial part of the SPFp. 
Colocalization of Fos-IR with CGRP-IR 
In the SPFp a dense population of darkly staining CGRP-IR cells and fibers was present, 
extending from the rostral parts of the SPFp to the most caudal parts and the peripeduncular 
nucleus. This CGRP-IR population was situated mostly in the lateral aspects of the SPFp and 
only partially overlapped the medially situated population of Fos positive cells following 
ejaculation in males and females. The majority of the Fos-IR cells, was situated medial to the 
main CGRP-IR cell population (figure IB and IE). 
A proportion the CGRP-IR cells (40%) was doublelabeled for Fos-IR (figure lb), in 
males and females, without any differences in numbers of doublelabeled cells between sexual 
active animals and control animals that were placed in the mating arena However in control 
animals that remained in their home cages, the percentage of colocalization of Fos-IR and 
CGRP-IR neurons was nihil. 
Co-occurrence of Fos-IR with GAL-IR 
A bundle of galanin-IR fibers was found to be present in the SPFp. Most rostrally, these 
fibers were situated medial to the fasciculus retroflexus More caudally the fibers were 
observed more laterally and dorsal to the medial lemniscus (figure ID and IF). At most caudal 
levels of the SPFp, the fibers moved further laterally toward the lateral tip of the medial 
lemniscus and some of them were running ventral to the medial lemniscus No galanin-IR 
neurons were observed in this brain region. 
The immunocytochemical double labeling technique revealed an identical anatomical 
distribution of galanin-IR fibers and Fos-IR neurons in the SPFp, following ejaculation, in 
both males and females (figure 1A and ID). The galanin-IR fibers surrounded the Fos-IR 
neurons and were varicose and densely clustered, forming basket-like structures (figure la) In 
control animals, no Fos-IR neurons were situated within the population of galanin-IR fibers 
(figure IG). 
Colocalization of CGRP-IR and GAL-IR 
In a serie of sections, including the SPFp, both CGRP and GAL were visualized The 
population of CGRP-IR neurons and fibers was situated mainly in the lateral part of the SPFp, 
while the population of galanin-IR fibers was found in the medial part of the SPFp The 
amount of overlap between the CGRP-IR and GAL-IR populations was limited. The GAL-IR 
fibers were consistently situated medially to the CGRP-IR neurons and fibers (figure 1С and 
IF). 
Distribution of CGRP-IR and GAL-IR in the medial amygdala 
In addition to the identical distribution of GAL-IR fibers and Fos-IR neurons in the 
SPFp following ejaculation, co-occurence of Fos-IR and GAL-IR was also observed in the 
posterodorsal part of the medial amygdala (MEApd). In the MEApd, a dense cluster of Fos-
IR neurons was present following ejaculation in both male and female rats Double-labeling for 
GAL-IR revealed a high amount of GAL-IR fibers in this specific subarea, closely surrounding 
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the Fos-IR neurons (figure IH) CGRP-IR fibers, however, were situated mostly lateral to the 
Fos-IR cluster and showed limited overlap. Double-labeling for CGRP-IR and GAL-IR in the 
MEApd demonstrated a partial overlap of the GAL-IR and CGRP-IR fibers, with the CGRP-
IR fibers situated more lateral to the GAL-ГО. fibers (figure II) 
DISCUSSION 
Using double labeling techniques, four main observations were made regarding the 
localization of neuropeptides CGRP and GAL in the SPFp and their relationship with the 
population of Fos-IR neurons following ejaculation in male and female rats. First, Fos-IR 
neurons appearing in the SPFp following ejaculation were clustered in the medial parts of the 
SPFp, in both males and females. While the presence of Fos-IR neurons in the lateral part 
appeared to be independent of sexual behavior. Secondly, in the SPFp, the population of 
CGRP-IR neurons and fibers was mainly situated lateral to the GAL-ГО. fiber population and 
the overlap was limited. Furthermore, the same proportion of the CGRP-IR neurons, was 
found to be double labeled for Fos, in both mating and non-mating control animals. Finally, 
the distribution of GAL-ГО. fibers perfectly overlapped the medial cluster of Fos-IR neurons, 
forming dense basket-like structures around the Fos-IR cells 
The SPFp seems to be traversed by the ascending spinothalamic, spinohypothalamic and 
spinotelencephalic pathways. Projections from the lumbosacral and cervical parts of the spinal 
cord to the thalamus (Nahin 1988) have been demonstrated to terminate in the SPFp (Ju et al 
1987a, LeDoux et al 1987) In addition, the lumbosacral spinal cord neurons were shown to 
project extensively to the hypothalamus and to other limbic areas (Burstein et al 1987, 1990a 
and 1990b, Burstein and Potrebic 1993, differ et al 1991, Giesler et al 1994, Katter et al 
1991), with fibers coursing through the SPFp (Cliffer et al 1991). The lumbosacral spinal cord 
receives many primary afférents, originating from the pelvic viscera and travelling through the 
pelvic nerve (Morgan et al 1981, Nadelhaft and Booth 1984). Electrical stimulation of this 
visceral afferent pathway in the pelvic nerve has been shown to increase the expression of c-
fos in the lumbosacral spinal cord (Birder et al 1991) In addition, Fos-IR was observed in the 
lumbosacral spinal cord following vaginocervical stimulation in female rats (Chinapen et al 
1992). Together these findings suggest that visceral sensory and somatosensory information 
may be carried directly via the lumbosacral spinal cord to various parts of the brain, in which 
the SPFp seems to take an important position. 
In both female rats (Rowe and Erskine 1992, Wersinger et al 1993) and male rats 
(chapter 3), ascending visceral sensory information via the pelvic nerve has been suggested to 
play a significant role in copulatory behavior. Since, in our previous report (chapter 3), Fos-IR 
was detected in the SPFp following vaginocervical stimulation, i.e. intromissions and 
ejaculation, in females and following ejaculation in male rats, we suggested that this Fos-IR 
reflected the integration of ascending visceral information, relayed via the pelvic nerve. 
CGRP and GAL in spinal pathways 
In various parts of the ascending spinal pathways, both CGRP and GAL are present, 
among various neuropeptides CGRP-IR was observed in pelvic visceral afférents, projecting 
to the lumbosacral spinal cord (Chung et al 1993). Chung et al (1993) also demonstrated that 
transection of the pelvic nerve resulted in a greatly decreased CGRP-IR in the lumbosacral 
spinal cord CGRP was demonstrated to be present in the lumbosacral spinal cord (De Groat 
1987, Newton et al 1990) and in the caudal thalamus, where a striking population of CGRP-
IR neurons and fibers was observed in the SPFp (Kruger et al 1988a and 1988b). Also GAL 
was shown to be present in the lumbosacral spinal cord (Newton 1992). And in the ascending 
pathway, originating in the lumbosacral spinal cord and terminating in a distinct varicose 
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network in the SPFp, GAL was detected to be present and to colocalise with cholecystokinin 
(Ju et al 1987b). 
In the present study, the distribution of CGRP- and GAL-Ш. was studied in the SPFp, 
leading to the observation that the two populations only slightly overlap. The population of 
CGRP-IR fibers and neurons was detected to be situated lateral to the population of dense, 
varicose GAL-ER fibers. This suggests the existence of two separate pathways, although the 
two neuropeptides were reported to colocalise at cervical levels of the spinal cord (Ju et al 
1987b). Furthermore, the findings in the present study that the medial cluster of Fos-IR 
following ejaculation shows a distribution similar to the location of the GAL-Ш. fibers but not 
of the CGRP-IR population, convincingly demonstrate the existence of two functionally 
differentiated systems. 
Although both CGRP and GAL are suggested to be of importance for the integration of 
visceral and somatosensory information and in particular for nociceptive information, the 
precise function of these neuropeptides remains unclear (De Groat 1987, Kruger et al 1988b, 
Newton 1992). In the present study, a proportion of the CGRP-IR neurons in the SPFp were 
found to co-express Fos-IR both following sexual behavior and following the control 
situation, in which the animal was placed alone in the test environment However, in animals, 
that remained in their home cages, the proportion of double labeled neurons was nihil. In 
addition, it's important to note that the population of Fos-IR neurons that was specifically 
induced following ejaculation, was situated medial to the CGRP-IR population. Therefore, we 
conclude that CGRP in the SPFp is not involved in the mediation of copulatory behavior, but 
may reflect other sensory phenomena. In agreement, it has been demonstrated that the CGRP-
IR population in the SPFp projects to the striatum and the amygdala, and it has been 
suggested that this connection plays a possible role in the mediation of autonomic and 
behavioral responses to acoustic or somatosensory stimuli (LeDoux et al 1987, Turner and 
Herkenham 1991, Yasui et al 1991). The SPFp is also known to project to the medial preoptic 
nucleus (MPN) (Simerly and Swanson 1986), where a sexual dimorphic population of CGRP-
IR neurons has been identified (Herbison 1992) Herbison et al (1995) demonstrated an 
increase in CGRP-IR neurons coexpressing Fos-IR following sexual behavior in the female 
MPN. Very interestingly however and reminiscent to the observations in the present set of 
experiments, Herbison et al (1995) detected that a proportion of the CGRP-IR neurons was 
also double labeled in females that were not sexually stimulated. 
The present study demonstrated that, in contrast to CGRP, GAL-IR fibers in the SPFp 
show a perfectly identical distribution to the distribution of the Fos-IR neurons, that appear 
following ejaculation in male and female rats The varicose GAL-IR fibers were observed to 
form dense basket-like structures surrounding the Fos-IR neurons following ejaculation. These 
GAL-IR fibers are probably involved in the relay of visceral sensory information and seem to 
be important for the mediation of copulatory behavior In addition, these fibers may originate 
from the lumbosacral spinal cord (Ju et al 1987a), where the GAL-IR neurons form a sexually 
dimorphic population (Newton 1992) As previously suggested by Newton (1992), these 
GAL-IR neurons in the lumbosacral spinal cord are in the perfect anatomical position to 
integrate sensory information, autonomic inputs and reflex mechanisms, concerning sexual and 
pelvic functions. 
From the present study, it appears that the medial and lateral parts of the SPFp may be 
functionally different This suggests that the medial and lateral parts of the SPFp, may have 
different relationships with other brain areas Yasui et al (1991) clearly demonstrated a medial-
to-lateral organization of the projections from the SPFp to the amygdala The lateral and more 
caudolateral portions of the SPFp, containing the CGRP-IR population, were shown to 
project mainly to the lateral amygdala. While more medially situated anterograde tracer 
injections in the SPFp, probably covering at least part of the GAL-Ш. fiber group, were shown 
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to result in projections to the medial amygdala Interestingly, in the medial amygdala and 
specifically in the lateral part of the posterodorsal medial amygdala, a dense cluster of Fos-IR 
can be observed following ejaculation in male and female rats In female rats, Fos-IR in this 
subregjon,although less densely clustered, can also be detected following vaginocervical 
stimulation, i e intromissions (chapter 3) 
Double labeling for GAL-IR and Fos-IR in the medial amygdala, revealed that GAL-IR 
fibers were indeed situated in this specific subarea and colocalised with the cluster of Fos-IR 
neurons in males and females Whereas CGRP-IR fibers were situated lateral to the cluster of 
Fos-IR neurons and to the GAL-IR fibers This suggests that GAL is involved in the relay of 
visceral sensory information, not only in the SPFp, but also in other parts of the brain where 
Fos-IR is induced following ejaculation 
Conclusions 
In conclusion, we demonstrated the existence of two separate neuropeptide populations 
in the SPFp CGRP-IR fibers and neurons were located laterally to the ejaculation-related Fos-
IR neurons in the SPFp GAL-IR fibers were found to form dense basket-like structures 
surrounding the Fos-IR neurons in the medial parts of the SPFp, activated as a result of 
ejaculation in male and female rats We conclude that GAL is in an excellent position to play a 
prominent role in the relay of visceral sensory information to the SPFp and to other areas in 
the brain, involved in the regulation of copulatory behavior in the male and female rat 
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Specific relationships between the medial preoptic nucleus 
and other copulation related areas in the male rat brain: 
A Fos-study combined with anterograde and retrograde tracing 
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ABSTRACT 
In our previous studies, concerning Fos-immunoreactivity after male copulatory 
behavior, we observed increased numbers of activated neurons in the posteromedial bed 
nucleus of the strìa terminalis, the posterodorsal medial amygdala and the parvicellular part of 
the subparafascicular nucleus. Furthermore we demonstrated that only ejaculation, but not 
intromissions alone, specifically resulted in clusters of activated neurons in small subareas of 
these brain regions. In the present study we investigated to what extent the Fos-
immunoreactive neurons in these brain areas are involved in the reciprocal connections with 
the medial preoptic nucleus, which also expresses Fos-immunoreactivity following copulation. 
Therefore we injected anterograde (Biotinylated Dextran Amine) and retrograde (Cholera 
Toxin b subunit) tracers into the medial preoptic nucleus. After recovery, animals were 
allowed to copulate and afterwards they were sacrificed and double-stained for Fos in 
combination with tracer staining. We observed that the anterogradely labeled fibers, 
originating in the medial preoptic nucleus, displayed a remarkable preference for the 
ejaculation-related Fos-immunoreactive clusters. The labeled fibers formed dense plexuses and 
closely surrounded the Fos positive neurons. The localization of the many varicosities 
suggested direct contacts. Although the retrogradely labeled neurons were mostly distributed 
homogeneously, the retrogradely labeled neurons that contained Fos positive nuclei were 
specifically located in the ejaculation-related small subareas. In addition, in males that did not 
copulate to ejaculation, but displayed only mounts and intromissions, activated retrogradely 
labeled neurons were rarely present. 
Our data clearly demonstrate that specific ejaculation-related subareas in the male rat 
brain are reciprocally connected with the medial preoptic nucleus. 
INTRODUCTION 
The medial preoptic area (MPOA) is an essential site in the brain for the regulation of 
male copulatory behavior. Lesions of this nucleus have been shown to completely abolish male 
sexual behavior, whereas electrical stimulation of MPOA will stimulate copulation (reviewed 
in Sachs and Meisel 1988). Within the MPOA, especially the medial preoptic nucleus (MPN), 
forming a large part of the MPOA and extending nearly its entire length, appears to be in the 
unique position to integrate sensory and hormonal information associated with the control of 
male sexual behavior (reviewed in Simerly 1995). In particular since the MPN has substantial 
bi-directional connections with the medial amygdala (MEA), the bed nucleus of the stria 
terminalis (BNST) and distinct areas in the caudal diencephalon, in addition to extensive 
intrahypothalamic connections (Simerly and Swanson 1986). And the MPN contains large 
numbers of steroid receptor containing neurons (Simerly et al 1990, Wood et al 1992). 
The involvement of the MPN in the neural circuit underlying male sexual behavior is 
furthermore demonstrated by the high increase in numbers of Fos-immunoreactive neurons in 
this area following copulation. Fos is the nuclear protein product of the immediate early gene 
c-fos, and its visualization is used as a marker for neural activity (reviewed by Morgan and 
Curran 1995). Following male copulatory behavior, Fos-IR is, besides in the MPN, also 
increased in brain areas that are reciprocally connected with the MPN, including the 
posterodorsal MEA (MEApd), posteromedial BNST (BNSTpm) and in the parvicellular part 
of the subparafascicular nucleus (SPFp), a distinct area in the caudal diencephalon (chapters 2-
5, Baum and Everitt 1992, Kollack and Newman 1992, Wersinger et al 1993). In addition, we 
demonstrated in a previous study, that ejaculation, but not intromissions only, specifically 
resulted in dense clusters of Fos-IR neurons in small subareas of these brain regions (chapter 
2). 
Although we know that the BNSTpm, MEApd and SPFp are reciprocally 
interconnected with the MPN, we do not know to what extent the Fos-IR neurons in these 
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brain regions participate in the interrelationships with the MPN. Therefore, in the present 
study we determined the connections of the Fos-IR neurons in these brain areas, using 
immunocytochemical double-labeling techniques Sexually experienced male rats were injected 
with the retrograde tracer cholera toxin В subunit (CTb), or with the anterograde tracer 
biotinylated dextran amine (BDA) and allowed to copulate after recovery. The distribution of 
anterogradely labeled fibers in relation to Fos-IR neurons and the localization of retrogradely 
labeled neurons, containing Fos positive nuclei were studied following copulation However, 
since not all animals copulated to ejaculation, we had the opportunity to study and compare 
the distributions following ejaculation and following mounts and intromissions only. 
EXPERIMENTAL PROCEDURES 
AnimaL· 
Male Wistar rats (n=21, 300-425 g), obtained from the breeding facilities of the 
University of Nijmegen, were housed separately from the females in groups of two in an 
artificially lighted room (LD 12; 12, lights on at 18.00 h). Food and water were available at all 
times. Female Wistar rats (200 g) were bilaterally ovariectomized for use as stimulus females. 
Sexual receptivity was induced in these females by sc administration of 50 μg estradiol 
benzoate dissolved in 0.1 ml arachidis-oil at 48 hours prior to testing, followed by 500 μg 
progesterone dissolved in 0.1 ml arachidis-oil at 4 hours before testing 
Tracer injection protocols 
Sexually experienced male rats were deeply anesthetized with a combination of fentanyl 
(0 01 mg/kg im, Hypnorm, Janssen Pharmaceutical), atropini sulfas (0 05 mg/0.1 ml sc, 
Pharmachemie) and dormicum (5 mg/kg ip, Roche) and then placed in a stereotaxic apparatus. 
The coordinates of the MPN were according the atlas of Paxinos and Watson (1986), with 
modifications for the larger animals: AP. 0.6 mm posterior to bregma; ML 2.0-2 2 mm, with 
an angle of 10° and DV: 8.6 mm from the surface of the skull 
Pressure injections (n=7) Cholera toxin В subunit (CTb) (1%, 20-30 ni; Sigma) was 
injected stereotaxically into the MPN with a 5 ml Hamilton syringe, inclined laterally at a 10° 
angle to the sagittal plane After the injection of CTb in steps of 10 nl, over 10 minutes, the 
needle was left in place for 10 minutes. 
Iontophoretic injections CTb (n=7): To obtain reliable iontophoretic injections, the 
commercial buffer of the 1% CTb solution was exchanged with a phosphate buffer (0.1 M, pH 
6.0) (Luppi et al 1990). Glass capillary pipettes (20 ц т diameter) were filled with CTb 
solution and lowered stereotaxically using a 10° angle into MPN. A positive pulse current (7 
seconds on, 7 seconds off, 5 mA, 30 minutes) was applied After injection, the pipettes were 
left in place for 10 minutes to prevent leakage along the pipette track and were pulled out 
under reversed current. 
BDA (n=8): Biotinylated Dextran Amine (BDA) (dissolved in phosphate buffer 0.01 M, 
pH 7.25. 10,000 MW or 3,000 MW; Molecular Probes) was injected using the same protocol 
as described for the iontophoretic application of CTb. 
Behavioral testing procedures 
Prior to the application of the tracers, male rats were placed in the mating arena and 
allowed to copulate until ejaculation during various mating-sessions (4-5 sessions). Only males 
that ejaculated more than once during the last 30-minute mating-session, were used After 
tracer application, the animals were allowed to recover for 6-7 days (CTb), 7-8 days (BDA 
10,000 MW), or 3 days (BDA 3,000 MW). Following the recovery period, the male rats were 
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again placed in the mating arena and allowed to copulate for 30 minutes with a receptive 
female. In addition, two CTb-injected males (by pressure application) were taken from their 
home cages. 
During the final copulation-test, most males copulated to ejaculations. Two of the CTb-
injected males (one by pressure and one by iontophoretic application) and two of the BDA-
injected males, however, displayed only mounts and a single intromission. That this decrease 
of copulatory behavior was the result of specific damage of neurons and fibers in the MPN by 
the application of the tracer was not likely. Possible damage could be only unilaterally and 
therefore not have a strong effect on sexual behavior. In addition, there appeared to be no 
relation between the display of copulatory behavior and the size or site of the injection, nor the 
kind of tracer that was injected. Furthermore, the distribution of Fos-ГО. in the BNSTpm, 
MEApd and SPFp in these males, resembled the distribution following similar situations in 
previous studies. The general condition of the animals appeared to be very well, after recovery 
from the surgery. Therefore, all males were included in the analysis, creating the opportunity 
to study the distributions of Fos and tracers in males that ejaculated versus males that 
displayed only mounts and intromissions. 
Immunocytochemistry 
Rats were anaesthetized 60 minutes after the ending of the mating-test, using sodium 
pentobarbital (30 mg/0 5 ml ip) Following an injection of héparine (1 ml, ip, Organon 
Teknika, the Netherlands), to prevent excessive bloodclotting, males were perfused 
transcardially with 0 1 M phosphate buffered saline (PBS), pH 7 3, followed by 400 ml 4% 
paraformaldehyde (in 0 1 ml PBS, pH 7.5). 
Brains were removed and postfixed overnight at 4°C, in the same fixative. Coronal 
sections were cut at 75 μιτι using a vibratome (Biorad) and collected in 0.1 M PBS. 
Subsequently, every other section was processed for CTb and Fos, or BDA and Fos. The 
brain sections of the male rats that received pressure injections of CTb, were processed first 
for Fos and subsequently for CTb. The sections of the rats that received iontophoretic 
injections of either CTb or BDA, were processed first for CTb or BDA and subsequently for 
Fos. The first product to be stained (CTb, BDA or Fos) was always visualized by 3,3' 
diaminobenzidine tetrahydrochloride (DAB), with 0.03% Nickel-ammonium sulfate (Ni) 
added to it, resulting in a blue-black reaction product. The second antibody (CTb or Fos) was 
always visualized with DAB, resulting in a brown reaction product, according to the protocols 
described below. 
The sections were free floating on a shaker during all staining procedures and all 
incubations were performed at room temperature. In between the incubations, sections were 
washed twice in PBS. 
CTb: First, sections were soaked for one hour in incubation solution (PBS containing 
0.1% bovine serum albumin and 0.5% Triton x-100) with the addition of 5% normal donkey 
serum. Subsequently, the sections were incubated overnight with an anti-CTb antiserum raised 
in goat (List Biological Lab ine no. 703), diluted 1:1,000 (when visualized without Ni) or 
1:100,000 (when visualized with Ni) in the incubation solution. Next, the sections were 
exposed for 120 minutes in donkey-anti-goat-HRP (1 200 in incubation solution; Jackson 
Immunoresearch Lab.) Finally, the sections were placed for 10 minutes in a chromogen 
solution consisting of 0.02% DAB in 0.05 M Tris buffer (pH 7.6), with or without the 
<- Figure 1. Camera lucida drawings of four representative CTb injection sites in the MPN. In 
numbers 115 and 116, CTb was applied by pressure injection, while in numbers 183 and 185 the CTb was 
applied iontophoretically. The dark shaded area indicates the centre of the injection site, while the light 
shaded area indicates the area of possible additional tracer transport. Scale bar = 500 μτη 
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addition of 0 03% Nickel-ammonium sulfate and then incubated for 10 minutes in the 
chromogen solution with hydrogen peroxide (25 ml of a 30% solution per 25 ml of reaction 
solution). The reaction was terminated by extensive washes in PBS. 
BDA: Sections were soaked overnight in the incubation solution and then incubated for 
120 minutes in ABC-elite (Vector 1 80, diluted in incubation solution). Finally, the sections 
were placed in the chromogen solution with the addition of Nickel-ammonium sulfate, as 
described above. The reaction was terminated by extensive washes in PBS. 
Fos. First, sections were soaked for one hour in incubation solution Subsequently, the 
sections were incubated overnight with a polyclonal anti-Fos antiserum raised in sheep (OA— 
11-824; Cambridge Research Biochemicals, England), diluted 1 10,000 (with Ni) or 1:2,000 
(without Ni) in the incubation solution. Next, the sections were incubated for 60 minutes in 
biotinylated donkey-anti-sheep-IgG (1 400 in incubation solution; Jackson Immunoresearch 
Lab ) and for 120 minutes in ABC-elite (1:800 diluted in PBS, Vector) Finally, the sections 
were placed in the chromogen solution with or without 0.03% Nickel-ammonium sulfate 
added to it, as described above. The reaction was terminated by extensive washes in PBS. 
RESULTS 
Copulation-induced Fos-IR following tracer-injections 
In all tracer-injected males, the distributions of Fos-IR neurons following copulation, 
either including ejaculation or only mounts and intromissions, or in the control non-mated 
animals, were similar to the distributions that were observed following identical stituations in 
our previous studies. We therefore conclude that the application of the tracers had no effect 
on the induction of Fos-IR by copulation. 
In males that either displayed only mounts and a single intromission or mated until 
ejaculation, Fos-IR neurons were observed in the MPN. At the site of injection in the MPN, 
Fos-IR neurons could not be easily distinguished, but they were clearly present in the MPN at 
the contralateral side of the brain. Only when the injection site was small, Fos-IR neurons 
could be observed in the MPN, surrounding the injection. 
In the BNSTpm, MEApd and SPFp of mated males, differences in the distribution of 
Fos-IR were detected between males that copulated until ejaculation and males that did not 
ejaculate, but displayed only mounts and intromissions. Following ejaculation, clusters of Fos-
IR neurons were observed in small subareas of the BNSTpm, MEApd and SPFp. In the 
BNSTpm, ejaculation resulted in Fos-IR neurons in two distinct clusters One was situated in 
the rostral part of the BNSTpm, close to the ventricle (see figure 3, #115 and #183) and the 
other was situated more caudally and close to the fornix (see figure 4, #115 and #183). 
Following mounts and intromissions, without ejaculation, the Fos-IR neurons were distributed 
homogeneously over the entire BNSTpm (figure 3 and 4, #116 and #185). Another striking 
cluster of Fos-ГО. neurons was detected after ejaculation, in the lateral zone of the MEApd 
(figure 5, #115 and #183) In males that displayed mounts and some intromissions, without 
ejaculation, Fos-IR was mainly situated in the medial part of the MEApd, close to the optic 
tract (figure 5, #116 and #185) In the SPFp, Fos-IR neurons were present after ejaculation in 
a cluster in the medial part of the SPFp (figure 6, #115 and #183). Following mounts and 
intromissions, Fos-Ш. neurons were only present in the more lateral part of this nucleus (figure 
6, #116 and #185). 
<— Figure 2. Camera lucida drawings of the rostral BNSTpm (A), caudal BNSTpm (B), MEApd (C) and 
SPFp (D). The subareas that are indicated by the interrupted lines, are the subareas presented m figures 3-6 
and figures 8-11 Scale bar = 300 μηχ 
98 Interrelations between Fos-IR Areas 
Afferent projections to the MPN, in relation to copulation-induced Fos-IR 
The distribution of the retrogradely labeled neurons in the MEApd, BNSTpm and SPFp 
was examined after the application of CTb, injected by pressure or iontophoretically. The 
location of other retrogradely labeled groups of neurons projecting to the MPN matched the 
data obtained by Simerly and Swanson (1986) and will not be described in further detail. The 
pressure injection sites were large, covering adjoining parts of the medial preoptic area, 
besides the MPN. Most of the pressure injection sites were oriented in the lateral part of the 
MPN (figure 12G). Two representative injection sites are shown in figure 1, one injection was 
in a male that ejaculated several times (#115) and the other was in a male that displayed only 
mounts and intromissions (#116). The pressure injections resulted in high numbers of 
retrogradely labeled cells in the BNSTpm, in the MEApd and in the SPFp, as shown in figures 
3-6 for the same two representative animals. Small differences in location of the injection sites 
did not result in noticeable differences in the distribution of retrogradely labeled cells in these 
areas. In addition, although these injections caused a variable amount of damaged fibers, e g 
in the anterior commissure, no differences were observed in the patterns of labeling in the 
MEApd, BNSTpm and SPFp. A similar pattern of retrogradely labeled neurons was observed 
(figures, 3-6), after iontophoretic injections, of which two representative sites are shown in 
figure 1, again in a male that ejaculated (#183) and in a male that did not ejaculate (#185). The 
iontophoretic injections sites were smaller (figure 12H) and accordingly smaller numbers of 
neurons were labeled. 
The double-labeling for Fos and CTb revealed a substantial proportion of retrogradely 
labeled neurons containing Fos positive nuclei following ejaculation. These retrogradely 
labeled neurons containing Fos positive nuclei were specifically detected in the small subareas 
where Fos-IR neurons were observed to cluster following ejaculation in the rostral and caudal 
BNSTpm (figure 3, 4 and 12E), in the MEApd (figure 5) and in the SPFp (figure 6 and 12F). 
Few double-labeled neurons, however, were observed in males that failed to ejaculate, but 
displayed only mounts and a single intromission, although both retrogradely labeled neurons 
and Fos-Ш. neurons were present outside the small subareas where Fos-IR neurons were only 
detected following ejaculation (figure 3-6) No double-labeled neurons were present in males 
taken directly from their home cages. 
Although a substantial number of double-labeled neurons was present following 
ejaculation, many retrogradely labeled neurons were observed to contain no Fos positive 
nuclei. These neurons were, however, mainly situated outside the subareas where Fos-IR 
neurons were present following ejaculation In addition, in the ejaculation-related clusters, a 
large proportion of the Fos-Ш. neurons were not double-labeled for retrograde tracer. 
Figure 3-6. —* Camera lucida drawings of the rostral BNSTpm (figure 3), caudal BNSTpm (figure 4), 
MEApd (figure 5) and SPFp (figure 6), illustrating the distribution of Fos-IR neurons (indicated by black 
dots), retrogradely labeled neurons (indicated by open circles) and retrogradely labeled neurons containing a 
Fos-IR nucleus (indicated by asterisks), following pressure injections (115 and 116). and lontopheretic 
injections (183 and 185) of CTb. Males #115 and #183 ejaculated, while males #116 and #185 only mounted 
or intromitted. Scale bar = 100 pm 
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Efferent projections of the MPN, in relation to copulation-induced Fos-IR 
The projections from the MPN to the MEA, BNST and SPFp were examined with the 
use of iontophoretically applicated BDA. The injections always covered the MPN only 
partially (figure 7) and the distribution of efferent fibers from the MPN varied slightly 
depending on the precise location of the injection site. Therefore we present the data from a 
representative laterally located MPN-injection (#165, figure 8), and two more medially located 
injection sites in the MPN, (#114, figure 9) and #170, figure 10). The injection site #165, was 
laterally oriented, extended somewhat further rostrally, but mostly caudally (about 150 μηι) 
than the level that is represented in figure 8. Injection site #114 was medially oriented, smaller 
than #165 and extended mainly further rostrally (about 150 μτή) than the indicated level in 
figure 9. Injection site #170, was situated very medially, close to the ventricle, partly in the 
periventricular region and extended somewhat further rostrally, but mostly caudally (circa 150 
μτή) than the indicated level in figure 10. Both males #165 and #114 displayed three 
ejaculations, while male #170 displayed only mounts. 
In the BNSTpm, local condensations of anterogradely labeled fibers, so called plexuses, 
were clearly present in the small subareas in the rostral and caudal BNSTpm (figure 8-10, В 
and C). The fibers, forming the dense plexuses, were highly varicose and densely surrounded 
the Fos-IR neurons following ejaculation (figure 12A). Following injections #165 and 170, 
anterogradely labeled fibers were so numerous and dense, that a plexus could hardly be 
distinguished in the rostral BNSTpm (figures 8B and 9B). Since male #170 only displayed 
mounts, no Fos-IR neurons were present in the ejaculation-related subareas. The location of 
the plexus of fibers, however, appeared to be identical to the locations of the plexuses that 
were observed to co-occur with the clusters of Fos-IR neurons in the other males. 
Figure 7. Schematic representation of eight representative iontophoretic BDA injection sites, shown at 
the same level in the MPN as the CTb injection sites in figure I. 
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In the MEApd, all injections resulted in the same characteristic distribution of anterogradely 
labeled fibers. The majority of these fibers were situated in the lateral part, showing a similar 
anatomical distribution compared to the Fos-IR neurons following ejaculation (figure 8A, 9A 
and 10 A). After the very medially located injections #170 and #171 (figure 7), additional 
fibers were observed in the medial part of the MEApd. In the lateral part of the MEApd, the 
labeled fibers closely surrounded the Fos-IR neurons after ejaculation (figure 12B and 12C). 
In the SPFp, only the lateral MPN injection (#165) resulted in a large number of 
descending fibers, traversing the whole extent of the SPFp (figure 11). Many of these fibers 
showed varicosities and were present in between the Fos-IR neurons as observed following 
ejaculation. The other injections, including #114 and #170, only resulted in a few labeled 
fibers, which were, however, varicose and always situated within the medial cluster of Fos-IR 
neurons following ejaculation. 
Besides anterograde labeling of fibers, retrograde labeling or filling of neuronal cell 
bodies was observed consistently, after iontophoretic application of BDA in the MPN. The 
location of these neurons matched the location of the anterogradely labeled fibers, but also the 
location of retrogradely labeled neurons as described after the CTb-injections. Although most 
of the retrogradely BDA-labeled neurons were darkly stained, some of them were observed to 
contain a Fos-IR nucleus, following ejaculation (figure 12D). 
Figure 8. -* Photomicrographs illustrating BDA injection #165, laterally located m the MPN. The 
distribution of the anterogradely labeled fibers and the distribution of Fos-IR neurons following ejaculations 
(gray dots) are shown in the MEApd (A), rostral BNSTpm (B) and caudal BNSTpm (C). The levels that are 
shown correspond to the levels illustrated in figure 2 and figures 3, 4, 5 and 6. Scale bar represents 200 μπι ¡η 
the photomicrograph illustrating the injection, but represents 100 μπι in photomicrographs А, В and С. 
Figure 9. -> Photomicrographs illustrating BDA injection #114, centrally located in the MPN. The 
distribution of the anterogradely labeled fibers and the distribution of Fos-IR neurons following ejaculations 
(gray dots) are shown in the MEApd (A), rostral BNSTpm (B) and caudal BNSTpm (C) The levels that are 
shown correspond to the levels illustrated in figure 2 and figures 3, 4, 5 and 6 Scale bar represents 200 μτη in 
the photomicrograph illustrating the injection, but represents 100 цт in photomicrographs А, В and C. 
Figure 10. -> Photomicrographs illustrating BDA injection #170, medially located in the MPN. The 
distribution of the anterogradely labeled fibers and the distribution of Fos-IR neurons following ejaculations 
(gray dots) are shown in the MEApd (A), rostral BNSTpm (B) and caudal BNSTpm (C) The levels that are 
shown correspond to the levels illustrated in figure 2 and figures 3, 4, 5 and 6 Scale bar represents 200 μη in 
the photomicrograph illustrating the injection, but represents 100 μτη in photomicrographs Α. В and С. 
Figure 11. -> Photomicrographs illustrating the distribution of anterogradely labeled fibers following 
the laterally located MPN-injection #165 and the distribution of Fos-IR neurons following ejaculation, in two 
successive rostrocaudal levels of the SPFp (150 μτη apart) Scale bar = 100 /лл. 
Figure 12. -> (A) Anterogradely BDA-labeled fibers, originating from the MPN, are surrounding Fos-
IR neurons (brown) in the caudal BNSTpm; (B) Anterogradely BDA-labeled fibers, originating in the MPN, 
are situated in the lateral part of the MEApd, heavily surrounding the Fos-IR neurons (brown) following 
ejaculation; (C) Illustration at high magnification of a close contact of an anterogradely BDA-labeled fiber 
with Fos-IR neurons (brown); φ) Distribution of anterogradely BDA-labeled fibers in the SPFp. The arrow 
indicates a retrogradely BDA-labeled neuron (black), containing a Fos-IR nucleus (brown); (E) Distribution 
of retrogradely labeled neurons (black) and Fos-IR neurons (brown) ¡n the BNSTpm, following an 
iontophoretic CTb injection in the MPN The arrow indicates a retrogradely labeled neuron, containing a 
Fos-IR nucleus, while the triangle indicates a retrogradely labeled neuron, with an empty nucleus; (F) 
Distribution of retrogradely labeled neurons (brown) and Fos-IR neurons (black) in the SPFp, following a 
pressure injection of CTb in the MPN The arrow indicates a retrogradely labeled neuron, containing a Fos-
IR nucleus, while the triangle indicates a retrogradely labeled neuron, with an empty nucleus, (G) Example of 
an injection-site following pressure application of CTb (stained with the addition ofNi); (H) Example of an 
injection-site following iontophoretic application of CTb (stained without the addition ofNi). 
Chapter 7 105 
4 \ i. 
"\±τ* 
W 
,
w 
\ ч 4?к<Ш 
•· ъ&Щ » i * -SÌA к 
' 
. , ,· 
aè ' 
Efe?; 
• '. Ы ih -.•:•' Ж 5 
. -· . ¡vïrTN ' 'Λ ' 
о. 
о 
*?«$&. 
% 
от 
'ч. 
' 
^'ί' 
'-'. - "Ъ 
* 
m 
Sfeí¿ri 
-V * . 
ί 
i 
ta 
c o 
f 
-
/. 
: » _ , * ' . 'f 
¿ 
./ 
i f 
106 Interrelations between Fos-IR Areas 
IS 
ε 
.ел 
ЯШ 
ν * * • » •• 
& 
"¡£4 
m 
, * 
Chapter 7 107 
108 Interrelations between Fos-IR Areas 
165 
ml 
С^*В|-~**"Г ""» 
ml 
•4. У 
Chapter 7 109 
m V ' · Щ 
В 
i Ά ш 
/ . 
' íít* i Й 
If; 
'Щк: 
• i 
• 
» 
m 
D 
''--•i' 
3* • 
V 
С 
ml 
110 Interrelations between Fos-IR Areas 
Two injection sites were situated outside the MPN. One was situated caudally, the other 
rostrally to the MPN. These two injections did not result in anterogradely labeled fibers in the 
Fos-IR clusters in the BNSTpm or the MEApd. Following the caudal injection, many fibers 
were distributed homogeneously in the BNSTpm, while following the rostral injection, the 
fibers were mainly surrounding the BNSTpm Both injections caused labeling of fibers only 
lateral to the MEApd, and only a single anterogradely labeled fiber was located in the SPFp. 
DISCUSSION 
The results in the present study clearly demonstrate that following ejaculation, Fos-IR 
neurons in specific small subareas in the BNSTpm, MEApd and SPFp, have both afferent and 
efferent connections with the MPN 
Fos-IR and retrograde labeling 
Investigation of the distribution of retrogradely labeled neurons and Fos-IR neurons in 
males following copulation in the present study, revealed that retrogradely labeled neurons 
containing Fos positive nuclei were only present following ejaculation. These double-labeled 
neurons were situated in small subareas of the BNSTpm, MEApd and SPFp, where clusters of 
activated neurons are only present following ejaculation and not following mounts or 
intromissions (chapter 2 and 3) This finding suggests that these subareas are involved in the 
relay of ejaculation-related inputs to the MPN. 
The anatomical connections of the SPFp with the lumbosacral and cervical parts of the 
spinal cord (Ju et al 1987, LeDoux et al 1987, Nahin 1988) strongly suggest that the Fos-IR 
neurons in the SPFp are involved in the relay of visceral sensory stimulation, resulting from 
ejaculation (chapter 3 and 6). The demonstration in the present study of the presence of 
retrogradely labeled neurons co-expressing Fos in the SPFp, indicates that these neurons may 
be involved in the relay of visceral sensory information directly to the MPN. The double 
labeled neurons in the small subareas in the BNSTpm and MEApd, present following 
ejaculation, may also be involved in the relay of visceral sensory information Besides 
anatomical evidence for connections between the SPFp and the MEApd (Yasui et al 1991), 
there are, however, no further anatomical data available to support this suggestion 
Somewhat surprising was the finding that following copulation without ejaculation, no 
retrogradely labeled neurons containing Fos-IR nuclei were present. Although the males did 
not ejaculate, they did display chemosensory investigation, in addition to mounts and a single 
intromission. Accordingly, the distribution of Fos-IR neurons in the BNSTpm, in the medial 
part of the MEApd and in the lateral part of the SPFp in these males, resembled the 
distribution we observed following similar situations in previous studies (chapter 2, 3 and 6). 
Although many retrogradely labeled neurons were situated among the Fos-IR neurons in the 
BNSTpm, MEApd and SPFp, double-labeled neurons were not present Both the MEApd and 
BNSTpm are thought to be involved in the relay of vomeronasal sensory input to the MPN 
Our findings, however, suggest that the activated Fos-IR neurons in the BNSTpm and 
MEApd following copulation without ejaculation, are not involved in the direct relay of 
vomeronasal information to the MPN It is, however, possible that interneurons are involved 
and that not the whole chain of neurons in the network that is involved in the relay of 
vomeronasal information, expresses Fos-IR The Fos-IR neurons in the BNSTpm and MEApd 
may be involved in projections to other brain areas, since the BNSTpm and MEApd are 
heavily interconnected and interrelated with other brain areas besides the MPN (Berk and 
Finkelstein 1981, Canteras et al 1992, DeOlmos et al 1985, Kita and Oomuza 1982, Krettek 
and Price 1978a and 1978b, Simerly and Swanson 1986) 
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Fos-IR and anterograde labeling 
The different locations of the injection sites within the MPN did not result in major 
differences in the distribution of the labeled fibers in the BNSTpm Medially oriented 
injections, however, resulted in additional medially situated fibers in the MEApd In addition, 
only the laterally oriented injection resulted in a large projection in the SPFp It therefore 
appears that the SPFp receives projections mainly from the lateral part of the MPN This 
finding is in agreement with previous reports (Simerly and Swanson 1988) 
The findings of the present study clearly demonstrate that the anterogradely labeled 
fibers in the BNSTpm, MEApd and SPFp form dense plexuses in the small subareas where 
Fos-IR is only detected following ejaculation Which leads to the conclusion that the MPN is 
reciprocally connected to small subareas of neurons in the BNSTpm, MEApd and SPFp, that 
are activated only following ejaculation 
Functional considerations 
The mutual relationships between the MPN and the ejaculation-related subareas in the 
BNSTpm, MEApd and SPFp, suggest that the MPN receives inputs from these areas and that 
in return these areas receive feedback from the MPN This feedback from the MPN may be a 
positive feedback, necessary to induce ejaculation The MPN, while receiving and integrating 
different kinds of sensory and hormonal information, appears to participate in the "build up" of 
activity in specific neural circuits, leading eventually to ejaculation, possibly via the 
paragigantocellular nucleus in the spinal cord (Marsson and McKenna 1994) This assumption 
might explain why removal of the MPN completely removes the display of consummatory 
elements of male sexual behavior and why, on the other hand, artificial activation of the MPN, 
is sufficient to induce ejaculation (reviewed in Sachs and Meisel 1988) 
On the other hand, the small subareas may be receiving negative feedbacks from the 
MPN, inducing sexual inactivity during post-ejaculatory periods or caused by sexual satiety A 
possible negative feedback from the MPN to the small subareas, would explain why the 
projections are so specific In addition, it would explain why other kinds of behavior are not 
necessarily suppressed during the post-ejaculation period The introduction of a strange male 
intruder during the post-ejaculation period, for instance, induces immediate aggression 
(Flannelly et al 1982, Thor and Flannelly 1979) 
Conclusions 
In conclusion, the results in the present study demonstrate specific reciprocal 
connections between the MPN and ejaculation-related Fos-IR subareas of the BNSTpm, 
MEApd and SPFp These subareas appear to be involved in the relay of ejaculation-related 
cues to the MPN And on the other hand appear to receive specific feedbacks from the MPN 
These feedbacks may be positively involved in a facilitation for the onset of ejaculation, or 
negatively inducing the onset of a sexually inactive period In how far these assumptions are 
mutually exclusive, remains open for further investigation More specific conclusions can be 
drawn after obtaining more detailed information about the characteristics of the neurons in the 
MPN, that project to these ejaculation-related subareas, or about other possible 
interrelationships between the different parts of the neural network involved in male sexual 
behavior 
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A major part of our knowledge about the neural mechanisms regulating male copulatory 
behavior in rodents has been derived from studying behavioral effects following manipulation 
of brain areas, for instance by lesioning or electrical stimulation In the present studies, to gain 
more insight into the neural networks underlying male sexual behavior in the rat, we used Fos 
as a marker for neural activity, in combination with manipulations of the behavioral 
performance In addition, we combined the use of Fos with the immunohistochemical staining 
of several neuropeptides or of neuroanatomies tracers 
In this chapter, the results will be briefly summarized and presented in a schematic 
model Also, some future lines of research to further elucidate the neural circuit involved in 
the regulation of male sexual behavior will be discussed 
Summary of results 
In order to map the Fos-immunoreactivity (-ГО.) in the male rat brain following 
copulation, the distributions of Fos-IR neurons were compared following different elements of 
male copulatory behavior Following copulation, including ejaculations, Fos-IR was detected 
in the bed nucleus of the stria terminals (BNST), the medial amygdala (MEA), the medial 
preoptic area (MPOA) and the caudal diencephalon (chapter 2) Manipulation of these brain 
areas had previously been reported to cause deficits or facilitation of male copulatory behavior 
(reviewed in Sachs and Meisel 1988) However, increases in Fos-IR following mating, were 
only detected in specific subregions of these particular brain areas In addition, it became clear 
that different brain areas are involved in the appetitive versus the consummatory elements of 
copulation The results concerning the distribution of Fos-IR neurons following different 
elements of male copulatory behavior, summarized in figure 1, will be discussed for each brain 
area separately, together with the potential significance regarding its functional aspects 
Medial amygdala 
Following copulation the highest increases in numbers of Fos-IR neurons were present 
in a specific subregion of the MEA, the posterodorsal MEA (MEApd) Numbers of Fos-IR 
neurons were increased following appetitive aspects and were further increased following 
consummatory elements of male sexual behavior (chapter 2) Studying the Fos-IR following 
successive consummatory elements, it became clear that the numbers of Fos-IR neurons were 
especially increased by ejaculation Lesion studies had previously indicated the MEA to be 
involved in both appetitive and consummatory aspects of copulation, since lesions both 
affected chemosensory investigation and consummatory elements (reviewed in Sachs and 
Meisel 1988, McGregor and Herbert 1992a) Our Fos-data, however, demonstrated that 
different parts of the MEApd are involved in appetitive versus consummatory aspects A 
finding that could not be revealed by large lesions 
The MEApd receives chemosensory signals directly from the accessory olfactory bulb 
(AOB) (Winans and Scalia 1970), although this is only a small projection The ascending 
fibers terminate in the medial part of the MEApd, close to the optic tract And accordingly, 
following chemosensory investigation, the activated neurons were observed in this medial part 
of the MEApd In addition, in male hamsters exposed to female hamster vaginal fluid, 
activated neurons were situated in this same area (Fiber et al 1993) Removal of the 
vomeronasal organ was shown to decrease the numbers of Fos-IR neurons in the MEApd in 
male hamsters following exposure to female hamster vaginal fluid (Fernandez-Fewell and 
Meredith 1994) 
Although the AOB projects directly to the MEApd, the majority of its projections to the 
MEA terminate in the anterior MEA (MEAa), which in turn projects to the posterior MEA 
(MEАр) (Gomez and Newman 1992) The MEAa in rats, however, did not show highly 
increased numbers of Fos-IR neurons after copulation (chapter 2) Also in the MEAa in male 
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Figure 1. Schematic representation of the distribution ofFos-IR in the MEApd, BNSTpm, MPN and 
SPFp following chemosensory investigation (light shading), following ejaculation (dark shading) or following 
all consummatory elements of copulation (intermediate shading), summarizing the data described in chapters 
2, 3 and 4.. The lines between the subnuclei indicate the anatomical connections. The dashed lines illustrate 
connections reported in the literature, while continuous lines indicate the reciprocal connections between the 
ejaculation-related Fos-IR subareas and the MPN, that were demonstrated in chapter 7. In the rostral 
BNSTpm only the distribution of Fos-IR neurons is shown, but the anatomical connections are identical to the 
connections of the caudal BNSTpm. 
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hamsters the increase in the numbers of Fos-IR neurons following mating was relatively small, 
in contrast to the high increase of Fos-IR numbers in the MEApd (Kollack and Newman 
1992). It appears that although in the medial zone of the MEApd neurons are probably 
activated by chemosensory signals, an integration with additional signals may occur in this 
area, distinguishing it from the MEAa. 
The distribution of Fos positive cells in the MEApd following ejaculation was clearly 
different when compared to the pattern following chemosensory investigation, was observed 
following ejaculation. In addition to the Fos-IR neurons in the medial part of the MEApd, 
observed following chemosensory investigation, ejaculation results in a dense cluster of 
activated cells in the lateral part of the MEApd (chapter 3). The functional aspects of this 
cluster will be discussed more extensively in this chapter under the heading "ejaculation-
related circuit". In conclusion the MEApd appears to be involved in both appetitive and 
consummatory elements of copulation, but the activated neurons are situated in different 
subregions of the MEApd. 
Bed nucleus of the stria terminali s 
The subregion of the BNST where the largest increases in numbers of Fos-IR neurons 
were detected, was the posteromedial BNST (BNSTpm) (chapter 2) Increases in numbers of 
Fos-IR neurons in the BNSTpm were detected following chemosensory investigation and in 
addition were further increased following consummatory elements The involvement of the 
BNST in both appetitive and consummatory elements of sexual behavior was also indicated by 
the effects of lesions that both affected the chemosensory investigation and the display of 
consummatory elements of copulation (reviewed in Sachs and Meisel 1988). The BNST is 
interconnected with the MEA probably receiving chemosensory information via the MEA 
(Krettek and Price 1978a, Simerly and Swanson 1986). The BNSTpm is most extensively 
interrelated with the MEApd and receives projections directly from the AOB (Scalia and 
Winans 1975). The Fos-IR neurons that are present in the BNSTpm following chemosensory 
investigation are therefore probably involved in the relay of chemosensory signals. Femandez-
Fewell and Meredith (1994), however, demonstrated that removal of the vomeronasal organ 
had no effect on numbers of Fos-IR neurons in the BNSTpm following chemosensory 
investigation. Together these findings suggest that Fos-IR in the BNSTpm does not reflect 
sensory signals, but more broadly the involvement of the BNSTpm in the regulation of this 
investigatory behavior. 
Like in the MEApd, the distribution of the Fos-IR neurons following chemosensory 
investigation differed from the distribution following consummatory elements. Ejaculations, 
but not intromissions were followed by clusters of Fos-IR neurons in specific small subareas of 
the BNSTpm. The possible functions of these clusters will be discussed under the heading 
"ejaculation-related circuit" 
Medial preoptic area 
Both the MEApd and BNSTpm are interconnected with the medial preoptic nucleus 
(MPN) (Simerly and Swanson 1986), the subregion in the MPOA , where high numbers of 
activated cells are present following copulation. Although the MPN receives chemosensory 
signals through the MEApd and BNSTpm, no neurons were activated as a result of 
chemosensory investigation (chapter 2). In addition. Baum and Everitt (1992) showed that 
unilateral lesions of the MEA had no decreasing effect on the numbers of Fos-IR neurons in he 
MPN following mating. Instead the MPN appears to be specifically involved in consummatory 
elements of male copulatory behavior This was also indicated by the effects of lesions of this 
brain area, resulting in a complete abolishment of copulation (reviewed by Sachs and Meisel 
1988), while leaving intact the display of chemosensory investigation (Hansen et al 1982) as 
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well as the motivation to copulate (Everitt and Stacey 1987). The finding that numbers of Fos-
IR neurons in the MPN increase with successive elements of copulation, supports the 
suggested involvement of the MPN in the regulation of the motor aspects of copulation 
(chapter 3). Regarding its connections with regions in the brainstem and spinal cord that are 
involved in the motor aspects of copulation, the MPN is in a perfect position to regulate this 
behavioral outcome 
Besides chemosensory information, the MPN may also receive other sensory 
information, i.e. somatosensory or visceral sensory information via the spinal cord, relayed 
through the caudal diencephalon (Simerly and Swanson 1986) Baum and Everitt (1992) 
demonstrated that combined lesions of the MEA and caudal diencephalon decreased the 
numbers of Fos-IR neurons in the MPN, while individual unilateral lesions in the MEA or 
caudal diencephalon had no effect on the numbers of Fos positive neurons. This indicates that 
different sensory inputs are integrated in the MPN 
Caudal diencephalon 
Increases in numbers of Fos-IR neurons were detected in a subarea of the caudal 
diencephalon, the parvicellular part of the subparafascicular nucleus (SPFp). Although most 
investigators still refer to this Fos-IR population by the wider term central tegmental field, our 
data strongly suggest that the majority of the Fos-IR neurons are located in the SPFp The 
SPFp forms a major destination area of the spinothalamic and -hypothalamic tracts, with fibers 
from the spinal cord terminating in or coursing through this area (LeDoux et al 1987, differ 
et al 1991). Information from the spinal cord is relayed by the SPFp to the MPN (Simerly and 
Swanson 1986). Accordingly, increases in numbers of Fos-Ш. neurons were detected in the 
SPFp, following consummatory elements of male copulatory behavior and not following 
chemosensory investigation (chapter2). In addition, we demonstrated that only ejaculation 
resulted in activation of neurons in the SPFp, while no increases were detected following 
intromissions without ejaculation This indicates that the neurons in the SPFp are not activated 
by 'superficial' somatosensory inputs from stimulation of the penis, but by 'deeper1 visceral 
sensory inputs, related to the stimulation of pelvic organs by ejaculation. The possible function 
of this ejaculation-related Fos-IR will be discussed in more detail below, under the heading 
"ejaculation-related circuit" 
Ejaculation-related circuit 
Our data clearly indicated the presence of distinct ejaculation-related clusters of Fos-IR 
neurons in several brain regions in the male rat brain Activated neurons were only detected 
following ejaculation, but not following intromissions, in a dense cluster in the lateral part of 
the MEApd, in two clusters in the BNSTpm and in the medial part of the SPFp (chapter 3). 
Also in male gerbils (Heeb and Yahr 1993) and hamsters (Kollack and Newman 1992, 
Femandez-Fewell and Meredith 1994), similar clusters have been reported. 
In male rats that were treated with the 5-HT|A agonist 8-OH-DPAT, ejaculation 
occurred with short latencies and preceded by low numbers of mounts and intromissions. 
These 8-OH-DPAT-induced ejaculations were followed by the activation of neurons in these 
clusters, in the same way as "normal" ejaculations with preceding sexual activity (chapter 4). 
Even in males that were stimulated to ejaculate with the first mount, 18 seconds after the 
female was introduced, some of the clusters were present (chapter 4). It therefore appears that 
these neurons are not activated by cumulative sexual activity that normally precedes 
ejaculation, consisting of mounts, intromissions and precopulatory behaviors, but by inputs 
related to the ejaculation per se 
In the SPFp, one of these subareas expressing ejaculation-specific Fos, it appears that 
the Fos-IR is a reflection of the relay of visceral sensory inputs (chapter 2). Since the SPFp, 
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and specifically the medial part of the SPFp, where the ejaculation-related Fos positive 
neurons are situated, projects to the MEA (Yasui et al 1991), we assume that the ejaculation-
related cluster in the MEApd also reflects visceral sensory inputs Anatomical connections 
between the BNSTpm and the SPFp have not been demonstrated so far Therefore the 
anatomical pathways along which the Fos-IR clusters in the BNSTpm are activated and 
possibly reflect visceral sensory inputs, remain unknown 
Galanin was indicated to be of possible importance for this relay of visceral sensory 
input in the SPFp in both males and females (chapter 6) The ejaculation-related Fos-IR 
neurons in the SPFp were densely surrounded by galanin-containing terminating fibers These 
fibers were demonstrated to originate from galanin-IR neurons in the lumbosacral spinal cord 
(Ju et al 87b), which are in an excellent position to integrate ascending and descending sensory 
information for the regulation of the motor outcome of copulation (Newton 1992) In 
addition, many galanin-containing fibers were present in the ejaculation-related cluster in the 
MEApd Another neuropeptide, calcitonin gene related peptide (CGRP) was demonstrated to 
be not involved in these ejaculation-related Fos-IR clusters Although a dense population of 
CGRP-IR neurons and fibers is present in the SPFp, the present population was situated 
lateral to and not colocalising with the ejaculation-related Fos-IR cluster (chapter 6) 
The combination of Fos-IR with the application of neuronal tracers in the MPN, resulted 
in some additional interesting observations concerning these ejaculation-related clusters 
(chapter 7) Injections of the retrograde tracer cholera toxin В subunit (CTb) into the MPN 
resulted in homogeneously distributed retrogradely labeled neurons in the MEApd, BNSTpm 
and SPFp. Retrogradely labeled neurons containing Fos positive nuclei, however, were only 
present following ejaculation in the distinct ejaculation-related clusters Following mounts and 
intromissions, Fos-IR nuclei were present, but never in the retrogradely labeled neurons This 
indicates that the ejaculation-related clusters in the subareas of the MEApd, BNSTpm and 
SPFp specifically project to the MPN, probably relaying visceral sensory inputs Following the 
application of the anterograde tracer biotinylated dextran amine (BDA), dense plexuses of 
labeled fibers were specifically present in these subareas where ejaculation-related Fos-Ш. is 
situated The location of the varicosities, close to the Fos-IR neurons in these clusters, suggest 
direct contacts. 
Our data clearly demonstrated that the MPN receives sensory inputs, probably visceral 
sensory inputs, from these ejaculation-related clusters and that in return these areas receive 
feedback from the MPN The feedbacks from the MPN possibly are positive feedbacks, 
necessary to induce ejaculation Or on the other hand, the feedbacks may be negative 
feedbacks, inducing sexual inactivity or sexual satiation, indicating that the ejaculation-related 
Fos-IR clusters possibly reflect some kind of satiety-level, related to (repeated) ejaculation 
The involvement of neuropeptides 
Many neuropeptides are involved in male copulatory behavior During the preparation of 
this thesis we studied the involvement of several of these neuropeptides The involvement of 
CGRP and galanin was already mentioned Two other neuropeptides were studied as well 
luteinizing hormone releasing hormone (LHRH) and oxytocin 
A role of decapeptide LHRH, in male copulatory behavior, has been indicated in several 
ways Administration of LHRH or its agonist was shown to have facilitatory effects on male 
sexual behavior (Dorsa and Smith 1980, Moss and Dudley 1989) Secondly, the production of 
steroids in the testis is stimulated by the pulsatile release of luteinizing hormone (LH) from the 
anterior pituitary, driven by pulses of LHRH, released from LHRH neuron terminals in the 
median eminence (Jackson et al 1991) The gonadal steroids suppress the further release of 
LH by a negative feed-back system (Bartke 1985) Male copulatory behavior is followed by 
release of testosterone and LH, not only when the male displays the full behavior (Kamel et al 
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1977), but also when female urine or vaginal fluid is presented (Wysocki et al 1983) or 
following sexual conditioned stimuli (Graham and Desjardins 1980) These data suggest a role 
of LHRH in male copulatory behavior. 
LHRH-IR neurons, however, did not contain Fos-ER nuclei following copulation or after 
interaction with anestrous females (chapter 2). This absence of Fos-IR nuclei in LHRH 
neurons following copulation, was also reported in male hamsters (Doan and Urbanski 1994, 
Femandez-Fewell and Meredith 1994) and male ferrets (Lambert et al 1992). A possible 
explanation is that the release of LH that is caused by copulation is not high enough to detect 
activation of the LHRH-neurons by induction of Fos-IR, in contrast to the much higher 
release of LH during the proestrous surge in females, that is followed by a high percentage of 
LHRH neurons expressing Fos (Hoffman et al 1990, Lee et al 1990, Van der Beek et al 1994). 
However, these high percentages of activated LHRH neurons are only detected at the peak of 
the LH-surge In other situations, when the LH-release is lower, LHRH neurons do not have 
Fos positive nuclei (Lee et al 1993) Since in this case, a strong stimulus was necessary to 
detect activation of LHRH neurons, Fos-IR as a marker for neural activation, may not be the 
best approach to study the involvement of this peptidergic system. 
Another neuropeptidergic system, in which we had no success in detecting activated 
neurons following male copulatory behavior, was the oxytocinergic system (chapter 5). 
Oxytocin appears to be involved in male copulatory behavior Ejaculation is accompanied by 
increased release of oxytocin (Stoneham et al 1985), administration of oxytocin facilitates 
male copulatory behavior (Arletti et al 1990) and oxytocin is thought to play a role in penile 
erection (Argiolas 1992). In our studies, however, oxytocinergic neurons did not contain Fos 
positive nuclei following male copulatory behavior (chapter 5) Although one group of 
investigators did show double labeling for Fos and oxytocin following ejaculation (Witt and 
Insel 1994), other investigators have also failed to detect any double labeling (personal 
communications). A possible explanation is that the ejaculation-related oxytocin release does 
not require a strong activation of the oxytocinergic system In contrast, we demonstrated that 
the administration of the serotonergic 5 - H T I A agonist 8-OH-DPAT did result in a strong 
activation of the oxytocinergic system (chapter 5) In addition, higher doses of 8-OH-DPAT 
resulted in increased proportions of activated oxytocin-containing neurons We hypothesized 
that oxytocin may act as a mediator for the stimulating effects of 8-OH-DPAT on male sexual 
behavior. It will be very interesting to test this hypothesis in the future by injecting oxytocin-
antagonists into the subregions of the BNST and the paraventricular hypothalamic nucleus, 
where the activated oxytocin-containing neurons were located 
Steroid interactions 
An element that has not been included in the studies forming this thesis, is the role of the 
transduction of hormonal signals in male copulatory behavior. Changes in steroid hormone 
levels occur during male copulatory behavior, following exposure to female urine or vaginal 
secretion, or following sexual conditioned stimuli. In addition, steroid hormones are required 
for mating (reviewed in Wood and Newman 1995a) Steroid implants in the MPOA or MEA 
restore mating behavior in castrated males (Sachs and Meisel 1988, Wood and Newman 
1995b), revealing that steroid receptors in these brain areas can mediate hormonal control of 
mating behavior In addition, the maintenance of copulatory behavior in castrates, by steroids, 
appears not to be transduced by a single brain region, but can be elicited at multiple points 
along the steroid receptor-containing pathway 
The distribution of the steroid-receptor containing neurons (Simerly et al 1990, Wood et 
al 1992) is remarkably identical to the distribution of Fos-IR neurons following mating. 
Androgen receptor (AR)-containing neurons are preferentially situated in the BNSTpm, 
MEApd and MPN. In addition, recently it has been shown that AR-containing neurons are 
120 Summary and Discussion 
also present in the SPFp (Greco et al 1994). Wood and Newman (1993b) demonstrated that 
the AR-containing neurons in the MEA, BNST and MPOA are directly activated in male 
hamster following mating. Furthermore they showed that mating selectively and differentially 
activated AR-containing neurons in different parts of the pathway underlying male sexual 
behavior. Recently, Greco et al (1995) presented preliminary data of the same results in male 
rats, following mating, with in addition, activated AR-containing neurons in the SPFp The 
activation of the AR-containing receptors is, however, probably not a direct result of release 
of testosterone during mating, since Baum and Wersinger (1993) showed that the pattern of 
Fos-IR is not altered if steroids are held at constant levels in castrated males Thus it appears 
that other stimuli, chemosensory or genital sensory stimuli, are responsible for the activation 
of the AR-containing neurons. The importance of the integration of chemosensory and 
hormonal signals was demonstrated by Wood and Newman (1995c) They showed that in 
castrated male hamsters receiving a steroid implant in the BNST/MPOA, in combination with 
an ipsilateral bulbectomy, sexual behavior was not stimulated although unilateral bulbectomy 
does not prevent mating in male hamsters and in addition, steroid implants in the 
BNST/MPOA stimulates sexual behavior in castrates. 
These data indicate that a part of the Fos-IR that is present in male rats following 
different aspects of copulatory behavior, probably reflects the activation of AR-containing 
neurons by chemosensory or genital sensory stimuli. It will be very interesting to further 
pursue the investigation of the integration of different sensory stimuli with steroid stimuli One 
should note, however, that not in all brain regions that are target areas of the chemosensory 
system and where high numbers of AR-containing neurons are present, Fos-IR is increased 
following male copulatory behavior. For instance, in the ventral premammilary nucleus, VMH, 
ventral lateral septum or arcuate nucleus, Fos-IR was not detected following any aspect of 
copulation. In agreement, lesions in these areas have not been shown to affect male copulatory 
behavior. 
Sexual motivation 
Although in chapter two, we demonstrated the involvement of the BNSTpm and 
MEApd in appetitive aspects of male sexual behavior, the major part of this thesis was 
focused on understanding the neural pathways underlying consummatory aspects of male 
copulatory behavior. In chapter 2, however, an attempt was made to study Fos-IR following 
sexual motivation or arousal. Experienced male rats were placed in the familiar mating arena, 
without a female. Although no strict conditioning paradigm was used, the use of the same 
experimental procedure repeatingly during pre-test sessions, should have been sufficient to 
result in a conditioned sexual arousal. Disappointingly, no significantly increased Fos-IR was 
detected in these males, in areas associated with sexual behavior nor in areas that had been 
indicated to be involved in motivation 
Several brain areas have been indicated to be involved in sexual learning, conditioning or 
motivation. Dopamine-dependent events in the ventral striatum are involved with motivational 
processes in general and dopaminergic manipulations of this brain area have been 
demonstrated to affect the display of appetitive elements of male copulatory behavior (Everitt 
1990). The basolateral amygdala appears to interact with these dopamine-dependent processes 
in the ventral striatum in mediating the control over instrumental behavior by conditioned 
sexual stimuli, while being of no importance for consummatory aspects of copulation (Everitt 
1990). Also the ventral tegmental area, the source of dopaminergic projections to various 
limbic and cortical brain regions, is thought to contribute to locomotion and motivational 
aspects of behavior in general, including sexual behavior (Hull et al 1990) In addition, the 
central and lateral nuclei of the amygdala have been indicated to be involved in emotional and 
associative learning (Davis 1994, Gallagher and Holland 1994, LeDoux 1993). In none of the 
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studies forming this thesis, however, Fos-IR was detected in any of these brain areas But, as 
was already mentioned, the main focus has been on consummatory aspects of sexual behavior 
Using a carefully chosen paradigm to study conditioned sexual arousal, DeJonge et al (1992b) 
showed an increased cerebral glucose utilization in the central nucleus of the amygdala and in 
the basolateral amygdala, demonstrating that it's indeed possible to detect neural activation 
following sexual arousal It would therefore be interesting to study Fos-IR following sexual 
motivational aspects using special behavioral paradigms, such as conditioned place preference 
(Everitt 1990), partner preference (Everitt 1990), second-order schedule (Everitt and Stacey 
1987), bi-level chamber level searching (Mendelson and Pfaus (1989), conditioning paradigms 
based on sexual-related stimuli (Zambie et al 1985), or using ultrasonic vocalization as a 
measure for arousal (Matochik et al 1994) One should however realize, that the pathways 
underlying sexual or conditioned arousal, may not be specific for sexual arousal, but may 
reflect more general motivational, conditioning or learning aspects, therefore it may be 
essential to compare the activation of a pathway involved in sexual stimulus associations, with 
associations related to aggression or food reward 
Comparison with Fos-IR following female sexual behavior 
In order to establish the specificity of the Fos-IR for male copulatory behavior, the 
distribution of Fos-IR neurons in males was compared to the distribution in females, following 
successive elements of sexual behavior (chapter 3) Males and females appear to have in 
principle the same neural network regulating the behaviors and the same sensory cues appear 
to be involved Accordingly, a similar distribution of Fos-IR neurons in the BNSTpm, 
MEApd, MPN and SPFp, was observed in females following copulation One of the 
differences was that administration of estrogen and progesterone resulted in additional Fos-IR 
in the periventricular region of the medial preoptic area, the posterodorsal preoptic nucleus, 
the ventral premammilary nucleus and the most caudoventral part of the ventromedial 
hypothalamic nucleus in the ovariectomized females Another important difference was that 
Fos-IR in the female MPN was only induced by ejaculation and did not show the same 
increasing tendency with increasing sexual stimulation as it did in males. This confirms the 
regulatory role of the MPN in the behavioral outcome of male copulatory behavior Instead, in 
females, a similar increasing pattern of Fos-IR was observed in the ventrolateral part of the 
ventromedial hypothalamic nucleus (VMHvl) Since the VMHvl appears to be an essential site 
for the expression of lordosis (Pfaff and Sakuma 1979a and 1979b), this increasing tendency 
in Fos-IR may indicate that the VMHvl regulates the onset of female sexual behavior 
Following ejaculation, similar ejaculation-related clusters of Fos-IR neurons as were 
observed in males, were also present in females This is in agreement with our assumption that 
these clusters are not likely to be involved in the expression of the motor patterns 
accompanying ejaculation in the male, but rather with specific visceral sensory stimulation, 
either from pelvic organs in the male, or from vaginocervical stimulation in females. 
Accordingly in the SPFp, a site probably involved in the relay of visceral sensory inputs from 
vaginocervical stimulation, Fos-IR neurons in females were also detected following 
vaginocervical stimulation by intromissions 
We conclude that the comparison of Fos-IR following male and female sexual behaviors 
was very useful for the interpretation of the significance of the distribution of Fos-IR neurons 
as observed in the other studies 
Comparison with Fos-IR following other social behaviors 
We argued that the processing of chemosensory and genital sensory stimulation, and in 
addition the activation of steroid receptor containing neurons possibly accumulate and 
together may be responsible for part of the Fos-IR that is induced in the brain following male 
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copulatoiy behavior However, the processing of e g chemosensory stimuli or hormonal 
activation, is not specific only for sexual behavior, but is an important component of all social 
behaviors Therefore, comparing the distributions of Fos-IR neurons following copulatory 
behavior with that following other social behaviors can be essential for our understanding of 
the neural circuits underlying these behaviors At the moment, Fos-IR data are available for 
male and female sexual behavior (see chapters 2 and 3), for agonistic behavior (in wild type 
rats by personal observations and in male Syrian hamsters reported by Kollack-Walker and 
Newman 1995), and for maternal behavior (Numan and Numan 1995) Comparisons of these 
data indicate that some brain areas are selectively activated following one of these social 
behaviors, but that the activation patterns in other areas were common A common pattern of 
Fos-IR was present in the BNSTpm and in the MEApd, where the distribution resembled the 
partem of Fos-IR following appetitive elements of sexual behavior in the mating male rat 
(personal observations, Kollack-Walker and Newman 1995) Although it remains to be solved, 
if indeed identical neurons are reacting in each of the situations, it appears that the BNSTpm 
and MEApd are parts of a 'common arousal-substrate', of which activation is necessary in each 
of the social behaviors studied so far (Kollack-Walker and Newman 1995) This neural circuit 
appears to be involved in the mediation of arousal in response to social cues, generally 
preparing the animal for the onset of the behavior The MEA has been previously indicated to 
play a role in mediating arousal in relation to sexual and agonistic behavior De Jonge et al 
demonstrated that lesions in the MEA eliminated the facilitating effects of increased arousal on 
ejaculation-latencies (De Jonge et al 1992a) In addition, the mediating role of the MEA 
regarding arousal is associated with it's role in learning and conditioning processes Lesions in 
the MEA were demonstrated to cause deficits in agonistic behavior, but only in animals with 
prior experience and not in naive animals (Vochteloo and Koolhaas 1987, Bolhuis et al 1984) 
There are several indications that the cues involved in the activation of the arousal-
pattern of Fos-IR, are chemosensory cues This is supported by the observation that the 
distribution of the activated neurons resembles the distribution following chemosensory 
investigation (chapter 2) or following exposure to female vaginal fluid (Fiber et al 1993) In 
addition, Fos-IR in the BNSTpm in maternal females was completely eliminated by 
bulbectomy (Numan and Numan 1995) and Fos-IR in the BNSTpm and MEA in male 
hamsters exposed to female vaginal fluid, was eliminated following removal of the 
vomeronasal organ (Femandez-Fewell and Meredith (1994) 
Besides the common patterns of activated neurons, the different social behaviors 
resulted in different distributions of activated neurons Interesting differences were observed in 
the MPOA, where activated neurons were found in the MPN, following all consummatory 
aspects of male copulatory behavior, suggesting the involvement of the MPN in the onset of 
male sexual behavior In contrast, following agonistic behavior, no activated neurons were 
observed in the MPN (Kollack-Walker and Newman 1995, personal observations) The 
MPOA does however, appear to play an essential role in maternal behavior (Numan an Numan 
1995), although the distribution of the Fos-IR neurons was different, almost complementary, 
following maternal behavior compared to male sexual behavior, indicating that different 
neurons may be involved The different neurons in the MPOA, involved in these two different 
behaviors, however, may be involved in similar, but parallel circuits, with converging 
chemosensory and somatosensory cues This was demonstrated by the decreased Fos-IR in the 
MPOA, following disruption of both chemosensory cues, by bulbectomy, and ascending 
somatosensory cues, either by lesions of the central tegmental field (Baum and Even« 1992) 
or by thelectomy (Numan and Numan 1995) This suggests that convergence and processing 
of different sensory cues occurs in generally the same brain areas, which despite the different 
natures of chemosensory and somatosensory cues involved in the different behaviors, may lead 
to activation of different populations of neurons in generally the same brain areas 
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Other differences in the distribution of Fos-IR following the three social behaviors were 
detected in the ventral BNST, involved in maternal (Numan and Numan 1995) and in agonistic 
behavior (personal observations), as well as in the anterior hypothalamus, involved in agonistic 
behavior (Kollack and Newman 1995). In addition, the ejaculation-related clusters in the 
BNSTpm and MEApd, as well as the ejaculation-related Fos-IR in the SPFp, were absent 
following agonistic (personal observations) or maternal behavior (Numan and Numan 1995). 
In conclusion, it appears that in addition to a neural circuit that is involved in a general 
arousal for the preparation of the onset of social behaviors, neural circuits exist that are 
involved in the final stages of particular social behaviors. A careful comparison of Fos-IR 
patterns induced by different pheromonal or other sensory stimuli or by hormonal stimulation 
of different brain areas, is necessary to further identify the brain areas underlying the control of 
specific social behaviors. Such an integrative approach may finally solve the intriguing puzzle, 
consisting of a series of mutually related brain areas, apparently involved in different kinds of 
social behavior. By now the picture emerges of common parts, functionally involved in all 
kinds of social behaviors, closely intermingled with specific parts, involved in unique aspects 
of a single kind of behavior. 
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acó 
AOB 
BAOT 
BDA 
BNST 
BNSTal 
antenor commissure 
accessory olfactory bulb 
bed nucleus of the accessory 
olfactory tract 
biotinylated dextran amine 
bed nucleus of the stria 
terminalis 
anterolateral part of the BNST 
BNSTam anteromedial part of the BNST 
BNSTdl 
BNSTpl 
dorsolateral part of the BNST 
posterolateral part of the BNST 
BNSTpm posteromedial part of the BNST 
cc 
CEA 
CGRP 
cpd 
CTb 
EB 
fr 
fx 
GAL 
IA 
IR 
LHRH 
LSv 
MEA 
MEAad 
MEAav 
MEApd 
MEApv 
ml 
MPN 
MPOA 
och 
opt 
ОТ 
Ρ 
PA 
corpus callosum 
central nucleus of the amygdala 
calcitonin gene related peptide 
cerebral peduncle 
cholera toxin В subunit 
estradiol benzoate 
fasciculus retroflexus 
fornix 
galanin 
intercalated nuclei of the 
amygdala 
immunoreactivity, 
luteinizing hormone-releasing 
hormone 
ventral part of the lateral septum 
medial amygdala 
anterodorsal part of the MEA 
anteroventral part of the MEA 
posterodorsal part of the MEA 
posteroventral part of the MEA 
medial lemniscus 
medial preoptic nucleus 
medial preoptic area 
optic chiasm 
optic tract 
oxytocin 
progesterone 
posterior nucleus of the 
amygdala 
PAG 
PD 
PMCo 
PMV 
PVH 
PVHap 
periaqueductal gray 
posterodorsal preoptic nucleus 
posteromedial cortical 
amygdaloid nucleus 
ventral premammilary nucleus 
paraventricular hypothalamic 
nucleus 
anterior parvocellular part of the 
PVH 
PVH-MC magnocellular PVH 
PVH-PCa anterior part of the 
parvocellular PVH 
PVH-PCc central part of the parvocellular 
PVH 
PVH-PCd dorsal part of the parvocellular 
PVH 
PVH-PCp posterior part of the 
parvocellular PVH 
PVH-PCv ventral part of the parvocellular 
PVH-PV 
SCN 
sm 
SNc 
SNr 
SON 
SPFp 
St 
STN 
v3 
vl 
VMH 
VMHcv 
VMHvl 
VNO 
VNS 
PVH 
' periventricular part of the PVH 
suprachiasmatic nucleus 
stria medullaris 
substantia nigra, compact part 
substantia nigra, reticular part 
supraoptic nucleus 
parvicellular part of the 
subparafascicular thalamic 
nucleus 
stria terminalis 
subthalamic nucleus 
third ventricle 
lateral ventricle 
ventromedial hypothalamic 
nucleus 
caudoventral part of the VMH 
ventrolateral part of the VMH 
vomeronasal organ 
vomeronasal system 
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SAMENVATTING 
Het in dit proefschrift beschreven onderzoek bestudeerd het netwerk van celsystemen in 
de hersenen van de mannelijke rat, die betrokken zijn bij de regulatie van sexueel gedrag Om 
het onderzoek naar de neuronale regelsystemen van dit gedrag beter te kunnen begrijpen is het 
noodzakelijk te weten hoe het sexueel gedrag van mannelijk ratten eruit ziet Het sexueel 
gedrag is opgebouwd uit verschillende componenten en globaal zijn er twee fasen te 
onderscheiden. De eerste fase is de inleidende of appetitieve fase, waarin het mannetje het 
vrouwtje benadert en (vooral) haar anogenitale delen besnuffelt en likt Het receptieve 
vrouwtje reageert hierop door zich van het mannetje weg te bewegen met een karakteristiek 
"hoppend" voortbewegen en het snel flapperen met haar oren Terwijl de mannetjes rat het 
vrouwtje achtervolgt is haar achterlijf continu naar de man gericht, zodat deze zich in de juiste 
oriëntatie ten opzichte van het vrouwtje bevindt 
De inleidende fase wordt gevolgd door de consummatieve fase van het gedrag, waarin 
beklimmingen, intromissies en ejaculaties plaats vinden Het mannetje beklimt het vrouwtje en 
duwt zijn voorpoten tegen haar flanken Deze beklimmingen gaan meestal gepaard met een 
snelle beweging van de heupen waarbij de penis richting vagina wordt bewogen Het vrouwtje 
reageert hierop met het aannemen van de receptieve "lordosis" houding, waarbij ze haar rug 
kromt en haar genitale delen opricht, zodat het mannetje haar kan penetreren Na elke 
penetratie (intromissie) poetst het mannetje zijn genitale delen, hoewel dit poetsen ook tijdens 
de inleidende fase of na beklimmingen kan plaats vinden Na een serie van beklimming en 
intromissies volgt de ejaculatie. Deze gaat gepaard met een makkelijk te herkennen, als het 
ware vertraagde beweging, waarbij het mannetje zich opricht en zijn voorpoten opheft. Na de 
ejaculatie volgt het post-ejaculatie interval, een periode van rust en langdurig poetsen, waarin 
de mannelijke en vrouwelijke rat weining belangstelling voor elkaar vertonen. Daarna start de 
serie van beklimmingen, intromissies en ejaculatie opnieuw. Na een aantal van deze series 
echter raakt het mannetje sexueel verzadigd, wat resulteert in langere tijdsintervallen tot 
ejaculatie en uiteindelijk tot sexuele inactiviteit. 
Door neuroanatomische onderzoek is duidelijk geworden welke hersengebieden 
betrokken zijn bij de regulatie van het sexueel gedrag van de mannelijke rat. Middels het 
weghalen van specifieke hersengebieden (lesies) of het stimuleren van deze gebieden, en 
vervolgens te analyseren wat voor effect dat op het gedrag veroorzaakt, is veel kennis 
verkregen over het netwerk dat dit gedrag bestuurd. Deze experimenten laten echter niet zien 
welke specifieke zenuwcellen (neuronen) in deze hersengebieden betrokken zijn en wat hun 
functies zijn in de regulatie van sexueel gedrag In dit proefschrift proberen we meer 
antwoorden op deze vragen te krijgen. 
Om neuronen in het brein te kunnen bestuderen onder de microscoop werd gebruik 
gemaakt van immunocytochemische kleuringen. Deze techniek berust op het gbruik van 
antilichamen, die selectief kunnen binden aan een bepaalde stof zoals bijvoorbeeld een eiwit 
Deze antilichamen worden langdurig in contact gebracht met dunne plakjes van de hersenen 
(coupes), zodat vervolgens met een chemische kleurreactie de stof waraan het antilichaam 
bindt zichtbaar gemaakt kan worden 
Recent is bekend geworden dat de meeste neuronen die gestimuleerd worden, en dus 
actief worden, het eiwit Fos produceren in de celkern. Door dit eiwit Fos in coupes zichtbaar 
te maken met behulp van een immunocytochemische techniek, kunnen dus neuronen die door 
gedrag geactiveerd worden, in het brein worden geïdentificeerd. Deze neuronen zijn Fos-
positief of Fos-immunoreactief In alle studies in dit proefschrift is gebruik gemaakt van deze 
detectie techniek, om zo op cellulair nivo geactiveerde neuronen te bestuderen die betrokken 
zijn bij het sexuele gedrag in de mannelijke rat 
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Omdat bekend is dat de concentratie van het eiwit Fos 60 minuten na stimulatie 
maximaal aanwezig is in de celkern, werden hersencoupes van breinen van mannelijke ratten 
één uur na de copulatie bestudeerd. Men moet zich echter realiseren dat niet alleen sexueel 
gedrag activatie van neuronen kan veroorzaken, maar dat ook andere factoren, zoals het 
oppakken van de rat door de experimentator, neuronen zal activeren. Om deze verschillende 
situaties van elkaar te onderscheiden werden in de eerste studie die in dit proefschrift wordt 
beschreven (hoofdstuk 2), de mate van activatie en de localisatie van geactiveerde neuronen in 
de breinen van mannetjes vergeleken, die in verschillende test-situaties werden geplaatst. De 
activatie in breinen van mannetjes die zowel de inleidende als eindfase van het gedrag 
vertoonden werd vergeleken met de activatie in breinen van mannetjes die enkel de inleidende 
fase van het gedrag hadden doorlopen. Verder werden nog drie verschillende controle-
groepen mannetjes bestudeerd voor oa.de effecten van het oppakken en plaatsen in de test-
kooi. Uit deze studie werd duidelijk welke delen van het brein precies betrokken zijn bij 
sexueel gedrag en werd de precíese localisatie van de betrokken neuronen gedemonstreerd. 
Bovendien werden er verschillen gevonden in de mate van activatie en de distributie van de 
geactiveerde neuronen tussen mannetjes die wel, al dan niet de eindfase van copulatie hadden 
doorlopen. 
Wat echter niet duidelijk werd uit de eerste studie, was aan welke component van de 
consummatieve fase de activatie van neuronen gerelateerd was Daarom werd in de 
aansluitende studie (hoofdstuk 3) de verdeling van geactiveerde neuronen vergeleken na de 
verschillende elementen van de consummatieve fase, na het vertonen van enkel beklimmingen, 
na zowel belimmingen als intromissies, en na beklimmingen, intromissies en ejaculaties. Een 
opvallende bevinding was dat ejaculatie resulteerde in een uniek patroon van geactiveerde 
neuronen, waarbij de cellen duidelijk gegroepeerd lagen in dichte clusters in subkemen binnen 
grotere hersengebieden Interessant was echter dat deze ejaculatie-gerelateerde clusters van 
geactiveerde neuronen niet alleen in mannetjes, maar ook in vrouwtjes aanwezig waren na de 
ejaculatie van de mannelijke partner. Deze ejaculatie-specifieke geactiveerde cellen zijn dus 
niet betrokken bij de motorische component van de ejaculatie, maar waarschijnlijk bij 
sensorische stimuli die het brein van zowel mannetjes als vrouwtjes ontvangt als gevolg van de 
ejaculatie van het mannetje. 
Om de relatie tussen ejaculatie en de activatie van specifieke hersen gebieden nader te 
onderzoeken werd activatie van neuronen als gevolg van ejaculatie na een minimum van 
voorafgaande sexuele stimulatie bestudeerd (hoofdstuk 4) Om dit te bewerkstelligen kregen 
mannetjes een farmacon toegediend dat een stimulerende werking heeft op het sexuele gedrag. 
Dit resulteerde in een verkorte tijd tot ejaculatie en een vermindering van het aantal 
beklimmingen en intromissies. Sommige mannetjes ejaculeerden zelfs al tijdens de eerste 
intromissie, zonder enige andere voorafgaande sexuele activiteit (18 seconde na presentatie 
van het vrouwtje!) In de breinen van deze mannetjes werd echter hetzelfde verdelingspatroon 
van geactiveerde neuronen gevonden als in normaal ejaculerende, niet-behandelde mannetjes. 
De ejaculatie-specifieke clusters van cellen worden dus specifiek geactiveerd als gevolg van 
ejaculatie en niet gerelateerd aan een opeenhoping van sexuele activiteit 
In het eerste deel van dit proefschrift werden resultaten besproken met betrekking tot 
het bestuderen van de verdeling van geactiveerde neuronen na verschillende elementen van het 
mannelijk sexueel gedrag Uit deze experimenten bleek dat subdelen van hersengebieden 
betrokken zijn bij verschillende elementen van het gedrag. Een groot voordeel van het gebruik 
van het eiwit Fos als een cellulaire marker voor activiteit is echter dat de geactiveerde 
neuronen te karakteriseren zijn wat betreft hun neuroanatomische inhoud en verbindingen Dit 
gebeurt door middel van combinaties met andere immunocytochemische kleuringen, waarbij 
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met verschillende kleuren het eiwit Fos in de celkern als mede verschillende eiwitten in het 
cytoplasma rond de celkern, aangetoond kunnen worden in dezelfde neuron. 
Met behulp van deze immunocytochemische dubbelkleuring-techniek werd de activatie 
van verschillende peptiderge en neurotransmitter-systemen bestudeerd In de hersengebieden 
waar de geactiveerde neuronen gesitueerd zijn, komen namelijk verschillende neuropeptiden 
en transmitters voor, waaronder galanine en Oxytocine. Galanine bleek betrokken te zijn bij het 
doorgeven van viscerale sensorische informatie die gepaard gaat met ejaculatie Maar er 
konden geen aanwijzingen gevonden worden dat oxytocine-bevattende neuronen een rol 
zouden spelen in het sexuele gedrag. 
Van de hersengebieden waar na sexueel gedrag Fos positieve cellen worden gevonden is 
bekend dat ze een neuroanatomisch circuit vormen middels onderlinge connecties. In de 
laatste studie van dit proefschrift (hoofdstuk7) werd bestudeerd in hoeverre de geactiveerde 
cellen in deze hersengebieden specifiek betrokken zijn bij die onderlinge verbindingen. Om 
deze vraag te kunnen beantwoorden werden twee benaderingen gebruikt. In een hersengebied 
dat een belangrijke rol speelt in sexueel gedrag en waar grote hoeveelheden Fos positieve 
cellen werden gevonden na alle consummatieve elementen van copulatie werden twee 
verschillende typen van neuroanatomische tracers geïnjecteerd. Deze tracers worden gebruikt 
om onderlinge connecties aan te tonen tussen hersengebieden Een anterograde tracer, een 
stof die wordt opgenomen door cellen en wordt verdeeld over het cellichaam en zijn uitlopers, 
werd gebruikt om de projecties van het geïnjecteerde hersen gebied naar geactiveerde 
neuronen in andere hersengebieden aan te tonen En een retrograde tracer, een stof die wordt 
opgenomen door de uitlopers en terug getransporteerd naar de cellichamen, werd gebruikt om 
de projecties van de geactiveerde neuronen in andere hersen gebieden naar het geïnjecteerde 
gebied aan te tonen 
Uit deze studie bleek dat er specifieke connecties bestaan tussen de subgebieden waar de 
ejaculatie-gerelateerde geactiveerde neuronen gelokaliseerd zijn en het geïnjecteerde gebied. 
In het neurale netwerk dat sexueel gedrag reguleert, blijkt dus een kleiner netwerk te bestaan 
van geactiveerde subdelen, die eigen specifieke neuroanatomische verbindingen hebben. Over 
de precíese functie van dit kleinere netwerk kunnen we nog enkel speculeren Het feit echter 
dat de activatie van de neuronen in deze hersendelen enkel plaats vindt na ejaculatie, zou 
kunnen duiden op een mogelijke rol van dit netwerk in het remmen van sexueel gedrag tijdens 
de post-ejaculatie interval of tijdens verzadiging. 
Het onderzoek wat wordt beschreven in dit proefschrift, levert gedetailleerde 
neuroanatomische gegevens omtrent het neurale netwerk dat betrokken is bij sexueel gedrag 
in de mannelijke rat. Het geeft meer inzicht omtrent de locatie van de betrokken neuronen, de 
peptiden die deze neuronen bevatten en de neuroanatomische verbindingen van deze cellen. 
Bovendien kon onderscheid gemaakt worden tussen de verschillende elementen van het 
sexuele gedrag met betrekking tot de specifieke localisatie van de geactiveerde neuronen. 
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